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The effect of global warming is a growing concern for the global community. This 
concern is reflected in our politics, business, corporate charters, local government 
charters, electronic and print media and so on. The core to this issue is green 
house gas (GHG) emissions due to anthropogenic activities.  
 
The major sources of GHG emissions are large sectors such as transportation, 
manufacturing, buildings (commercial and residential) and mining. In a developed 
country such as Australia, residential green house gas emissions (including 
household private transport) are responsible for about 20% of its total GHG 
emissions. Therefore, sustainability in the housing sector is important towards 
overall reduction of GHG emissions. 
 
The major components of sustainable housing (in Melbourne) are discussed in this 
thesis. These include northern orientation to maximize solar gain; effective 
insulation in the building envelope; solar hot water system and photovoltaic (PV) 
panels to conserve energy from grid; rainwater tank, greywater recycling and low 
flow fixtures to reduce water use and a number of strategies to reduce waste 
during construction and running. Households’ awareness towards energy, water 
and resource conservation is also examined. 
 
Australia’s progress in sustainable housing is discussed. There are legislation and 
financial incentives towards sustainable housing. All the state and territory 
governments and the Commonwealth provide financial incentives for PV energy, 
rain water tank, solar hot water systems to supplement high initial set up cost. 
Legislative measures include 5 star standards and Building Code of Australia 
(BCA) building code. A number of high quality rating tools are developed in 
Australia to facilitate and administer energy efficient design for residential and 
commercial buildings. The major rating tools discussed are FirstRate, AccuRate, 
BERS and Green star. Some others are BASIX, NABERS and ABGR. 
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A number of good examples of sustainable housing in Australia are discussed. 
Many of them are demonstration homes for the general public. Some of them are 
part of research projects. Increasing numbers of master planned housing projects 
are developed across Australia. Australian organisations involved in sustainable 
housing are identified and their role is discussed. Among them, VicUrban in 
Victoria and Landcom in NSW play a special role in leveraging sustainability.  
 
The Ecohome at Cairnlea, Melbourne is a demonstration home as well as part of 
this research project. This standard home added with 'off the shelf' sustainable 
features and having a FirstRate star rating of 6 stars is intended for the volume 
home market. This thesis presents sustainability outcomes of the Ecohome. These 
include thermal performance, indoor air quality, energy and water savings and 
residents feedback with regard to sustainability features of the Ecohome.  
 
Thermal performance of the Ecohome is presented qualitatively and quantitatively. 
Monitoring data from 14 months’ show that approximately two-thirds of the time, 
indoor temperatures remained in comfort zone (18-26 C) without artificial heating 
or cooling. Monitoring of indoor air quality included carbon dioxide, humidity and 
carbon monoxide. Monitoring data from sealed house and while the residents were 
living in are presented. Humidity level was within 35-45% most of the time while 
carbon dioxide was under recommended level (1080ppm) in the lower floor (living 
area and kitchen). Carbon monoxide level within the house was negligible. 
Significant energy and water savings were realised in the Ecohome. On per capita 
basis, 45% savings in water usage, 30% savings in electricity usage while similar 
gas usage was observed compared to average Melbourne home. Residents’ 
feedback on sustainable features was mostly positive (except sisal carpet). 
 
Several thermal performance indicators are proposed and presented in absence of 
any well recognised method of thermal performance measurement. Thermal 
performance indicators used in this thesis are "Attenuation Factor", "Time Lag", 
"Heating and Cooling Need" in degree hours, "Degree C Warmer" and 
"Percentage Time in Comfort Zone". Some of these concepts were used by some 
authors with different nomenclature; therefore, an attempt was made to unify them 
and put them in one place. Monitoring data was utilized to measure thermal 
 vi 
performance of the Ecohome using these indicators. Thermal performance of the 
Ecohome is summarised in key table A. 
 
Prediction of indoor temperature when outside temperature is known is of much 
interest. Statistical and empirical methods were employed for this purpose. Some 
attempts were made by other researchers in this regard. Both statistical method 
and Givoni method produce reasonably good prediction with deviations from 
actual observations being in the range of 2 to 3 deg C. 
 
This research provides valuable monitoring results in this emerging field. 
Sustainability outcomes including thermal performance, energy and water savings 
and residents’ feedback on sustainable features are new knowledge. Proposed 
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CHAPTER 1 INTRODUCTION 




Climate change is a major issue in Australia's national life. The Government of 
Australia is committed to combat climate change by reducing its greenhouse gas 
(GHG) emissions. As part of this national objective, Australia has implemented a 
national greenhouse gas inventory through Australian Greenhouse Office to 
monitor GHG emissions from various sectors. Energy efficiency in all major 
sectors such as transportation, energy generation, manufacturing and buildings 
(residential and commercial) is necessary. Greenhouse gas emissions attributed 
to the residential sector is approximately 20% (including household transport). 
Therefore one of the key areas of intervention is residential sector. 
 
Legislative and financial incentives are already effective in Victoria to reduce 
greenhouse gas emissions from homes. In Victoria, a minimum five star standards 
is effective since July 2005 which requires all new homes to achieve at least five 
stars energy rated building envelope. Other states and territories also have similar 
minimum energy rating requirement for new dwellings. Therefore research into 
performance of a five star (or more) home is of utmost importance. 
 
1.2 Objectives 
The objectives of this research are: 
 A literature search into sustainable housing efforts in Australia including 
rating tools, demonstration homes, institutional contribution, legislation, 
rebates programs and so on. 
 Monitor and report sustainability outcomes of the Cairnlea Ecohome in 
Melbourne 
 Develop tools to measure thermal performance. This included proposing 
indicators to measure thermal performance when monitoring data is 
available. 
 Explore and develop a prediction method to correlate outdoor and indoor 
temperature 
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1.3 Methodology 
This research specifically required data acquisition of temperature and air quality 
from the Ecohome. These data were utilized for quantitative evaluation of the 
Ecohome performance i.e. thermal performance and indoor air quality. 
 
Additional data was collected from the residents. These include utility bills (energy 
and water usage) and periodic interviews. 
 
1.4 Contribution of this Research 
The most significant contributions of this research are: 
• Quantitative thermal performance of the Ecohome which is a six star rated 
energy efficient home 
• Proposing a number of thermal performance indicators that may be applied 
to residential energy performance 
• A literature summary of Australian account of sustainable housing efforts. 
 
1.5 Thesis Layout 
This thesis has been organised in the following order: 
 
Chapter 1 introduces the research undertaken (covering research motivation, 
objectives, methodology, contribution and thesis layout). 
 
Chapter 2 sets the scene with the history of sustainability thinking. There are 
global events that affect how we think and how we act. Government policies are 
also affected by international events. This chapter (The context of housing 
sustainability) discusses relative importance of housing sector, and then discuss 
the issues related to sustainable housing. 
 
Chapter 3 discusses in details Australian experience in sustainable housing. There 
are a number of Australian case studies in different climatic zones. Then it 
summarises the key players involved in promoting sustainability in housing sector. 
Legislative and financial incentives are also discussed. It is crucial to have high 
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quality rating tools which can be employed to predict performance. Australian 
rating tools are discussed. 
 
Chapter 4 describes the Ecohome at Cairnlea Estate in Melbourne. Sustainability 
features are discussed followed by instrumentation and monitoring. MABEL 
(Mobile Architecture and Built Environment Laboratory) assessment of the 
Ecohome is summarised. Sustainability outcomes including thermal performance, 
air quality, energy and water savings are discussed. 
 
Chapter 5 proposes and defines thermal performance indicators. Key thermal 
performance indicators are attenuation factor, time lag, Percentage time in comfort 
zone, Degree warmer and heating plus cooling need. Ecohome thermal 
performance is quantitatively presented using detailed monitoring data. 
 
Chapter 6 attempts on prediction of indoor temperature based on outdoor 
temperature. It examines whether a short term monitoring is accurate enough 
instead of a long term monitoring as the later is cost prohibitive for general 
application. 
 
Chapter 7 provides discussions and summarises the findings, contributions of the 
thesis and recommends future research. 
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CHAPTER 2 
The Context of Housing Sustainability 
 
2.1 Background 
The limit to energy use and rise of passive solar design was triggered by the oil 
crises during the early 1970s (Hes 2005). Increasing risks from global warming 
and climate change resulted in Rio Earth Summit in 1992 and was a major 
milestone towards sustainable thinking. Kyoto Protocol in 1997 set out mandatory 
emission targets for the developed countries including Australia, USA, Canada, 
Japan, UK and most other European developed countries. A key aspect of the 
Kyoto Protocol was that developing nations particularly China and India were not 
required to meet any emission target. Australia was allowed to increase green 
house gas (GHG) emissions by 8% above 1990 level by 2010 due to its unique 
energy intensive mining industry which supplies the global market. 
 
Rising oil price in recent years is expected to bring in more discussion on 
sustainability and energy conservation. In 2008, the oil (crude) price crossed $100 
per barrel in March and stayed at this level for few months. Although the price of 
oil came down due to recession in global economy this may happen again. In 
simple words, growing demand, supply uncertainty and the fact that oil is a finite 
resource that has to end contributed to that price rise. The upside of this price rise 
is that it will encourage energy conservation similar to what it did in 1970s. 
Sustainability experts believe that oil price above $75 per barrel will encourage 
renewable and alternative sources of energy. 
 
The peak body on climate research, Intergovernmental Panel on Climate Change 
or IPCC attributes global warming to green house gas emissions from 
anthropogenic sources. Although some debates on this still exist, this is the most 
widely accepted view by the scientific community. Figure 2-1 shows global 
temperature anomaly recorded since 1850.   
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Figure 2-1 Global temperature anomaly (Source: IPCC) 
 
Global warming or climate change is the umbrella issue under which a multitude of 
issues are considered. Sustainable housing is one among many. The most widely 
accepted definition of “sustainability” is given by World Commission on 
Environment and Development -WCED (1987): 
“.. development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.”  
 
This is to say that housing development has to be done in a way that requires 
minimum resource and energy to build and operate. 
  
2.2 Economy vs Environment 
There is a perceived conflict between economy and environment. It is almost 
always the case that economy is given priority over environment. Since the 
industrial revolution, increasing amount of fossil fuels is being used to drive the 
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economy resulting in global warming. There is direct relationship between energy 
use and level of development. The developed world indiscriminately consumed 
fossil fuels in the past century (and is still doing so) and consideration to the 
environment was given only during the last three decades. The same trend can be 
seen across the developing world including China and India where priority to 
economic development is given at the expense of the environment. It is not to say, 
however, there is not any consideration given to the environment but the priority is 
far less. The recent Beijing Olympics 2008 in China showcased some encouraging 
priority to the environment, one must acknowledge though. 
 
The perception is that we can achieve sustainability as long as it does not hurt the 
economy or does so to a level it is not significant. And in times of economic 
distress, environmental issues are often forgotten. Recently though 
environmentalists and environmental policy makers argue through ‘cost of doing 
nothing’ to justify environmental policies. For example, in introducing the carbon 
trading in Australia (October 2008), the environment minister argued that the new 
legislation would cost Australians a dollar a day compared to the cost of doing 
nothing being far more. 
 
2.3  Carbon Trading 
Carbon trading or emissions trading is an administrative approach to reduce 
emissions and was agreed upon by Kyoto signatories. It is sometimes called “cap 
and trade”. Among developed nations, the European Union commenced carbon 
trading since January 2005. The United States did not ratify Kyoto Protocol and 
hence did not adopt carbon trading nationally. Australia is expected to introduce 
carbon trading in 2009 / 2010 based on the recommendations by the Garnaut 
Climate Change Review released in September 2008 (Garnaut 2008).  
 
2.4  Environmental awareness and political action 
Major environmental actions are followed by environmental awareness in the 
general public. Political process requires that environmental actions are well 
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understood by the general public in order to make a major decision. Therefore, it is 
important that there is widespread discussion and debate about a particular 
environmental issue. The progress we see today in response to climate change is 
a long process of scientific understanding, public awareness followed by legislation 
(Figure 2-2).  
 
Figure 2-2 Sustainability pathway 
 
2.5  Sustainability in current world 
There are significant efforts around the globe towards sustainability including 
housing sustainability. Discussions and debate on sustainability are also 
widespread. Table 2-1 shows relative importance of 'climate change', 'global 
warming', 'sustainability' and 'Kyoto Protocol' issues in the current world. It is 
assumed that internet reflects current world. 
 
Table 2-1: Number of search results (30 May 2009) 






Google 59.2 million 34.3 million 35.5 million 2.86 million 
Yahoo 385 million 199 million 190 million 12.9 million 
 
A large number of publications exist on sustainable thinking, of which, two deserve 
mentioning. Paul Hawken introduced the idea of Natural Capitalism (Hawken et al. 
1999) which regards maintaining the living system and achieving growth through 
innovation and sustainability. Another inspirational publication “The natural 
advantage of nations” (Karlson et al. 2005) continued and elaborated the 
importance of sustainable approaches for businesses and nations towards 
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2.6  GHG Emissions by Australia 
Australia has managed to steady its net greenhouse gas emissions (Figure 2-3). 
Latest data show Australia’s net greenhouse gas emissions in 2007 were 597 
million tonnes (DCC 2009). This was 109% of 1990 level. Under the Kyoto 
Protocol Australia was allowed an 8% increase of its GHG emissions (of 1990 
level) by 2010 due to its unique mining industry which supplies the global market.  
 
 
Figure 2-3: Australian GHG emissions 1990-2007 (DCC 2009) 
 
In developed nations, GHG emissions from the residential sector is considerable- 
approximately 20-30%. This figure includes household private transport. In 
Australia, about 20% of GHG emissions are generated from residential homes 
(Commonwealth of Australia 1999). Therefore, the housing sector is a key area of 
intervention for achieving overall reduction in GHG emissions. 
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2.7 Components of Sustainable Housing 
Housing sustainability includes a triple bottom line (TBL) approach – economic, 
social and environmental sustainability (Sibley et al. 2003). Recently a fourth 
dimension called ‘governance’ has been added and been renamed as TBL+1. 
Although in this thesis the focus is on environmental sustainability, the three 
sustainability topics are interrelated and therefore cannot be ignored. Any 
environmentally sustainable home has to be economically viable and any design 
or behavioural changes have to be acceptable to the people living in the home 
(social sustainability). The elements of social sustainability are design for flexibility, 
comfort, safety and security. Environmental sustainability includes, among others, 
being energy efficient, water conservation, waste minimization and preserving the 
biodiversity. Economic sustainability means cost savings at construction, in 
running costs, in living costs, in long-term maintenance, in future modifications, 
good resale value and cost efficiency to the community.  
 
2.8 Housing Sector and Type in Australia 
For most Australians, investing in the first home is the single most important 
investment in their lifetime. Housing is a major economic sector with an estimated 
value of housing stock exceeding 800 billion Australian dollars (HIA 2002). The 
current size of housing stock is about 7.7 million (2003-04) with 146,000 new 
homes constructed every year (ABS 2007). According to the Australian 
Greenhouse Office (AGO), this sector is responsible for about 20% of Australia’s 
total green house gas emissions (Commonwealth of Australia 1999).  
 
The characteristic of Australian housing is that about 80% of its homes are 
detached or semi-detached homes (ABS 2007). Higher proportion of detached 
homes contributes to low density housing which is generally affordable but 
environmentally unsustainable (Minnery 1992). In recent times, there is a general 
demand (and supply) of bigger sized two-storied detached homes. Average floor 
area per house increased from 196 m2 in 1993 to 234 m2 in 2003 (ABS 2007).  
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Australian housing style is predominantly low density detached homes. Low 
density housing requires large infrastructural needs such as road networks, water 
and wastewater networks, gas and electricity networks, telecommunication 
networks etc. There is also a general increase of travel needs and the use of 
private cars. It becomes more imperative in low density housing to develop master 
planned communities and adopt sustainable approaches such as transit oriented 
development (TOD), water sensitive urban design (WSUD), building energy and 
resource efficient homes etc. The release of Melbourne 2030 by the state 
government of Victoria aimed at higher density housing as the future direction of 
housing policy (DOI 2002). 
 
2.9 Housing Sustainability Technology 
The technologies of sustainable housing have been around for decades but the 
uptake of these technologies in the mainstream housing has been slow (Sibley et 
al. 2003) in the absence of legislative support. With the implementation of 
mandatory 5 star standards and other standards across Australia higher uptake of 
sustainable housing technologies may be expected in future.  
 
Sustainable housing technologies include energy efficient building envelope, 
passive solar design, onsite use of solar energy (solar hot water, photovoltaic 
panels), efficient water use, harvesting rainwater on site, grey water recycling, use 
of landscape and shading to minimize energy usage. On the materials and 
construction side, use of natural and recycled materials, low embodied energy 
materials and efficient construction techniques are important to adopt. The 
performance of a sustainable house is also somewhat related to occupants’ 
understanding of sustainable living. A brief description of main issues is as follows 
with particular interest in Victoria: 
 
2.9.1 Orientation and solar access 
Solar access refers to the amount of solar energy available to a building. In the 
southern hemisphere, a north facing house can maximize solar access and 
thereby reduce energy use for heating. In summer, solar access is not desired and 
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should be effectively obstructed by using eaves, verandahs, deciduous trees or 
other shading devices. In case a particular housing block cannot utilize solar 
access, energy efficiency still can be achieved through other higher cost measures 
such as extra insulation and double glazing. 
 
2.9.2 Insulation 
Insulation is the most effective way to improve energy efficiency of a home. 
Insulating a home can save 45-55% of heating and cooling energy (Building 
Commission 2008). The cost of insulation usually pays off in six years. The 
measure of insulation is ‘R’ value and has the metric unit of m2/K/W. It is the 
measure of the product’s resistance to heat transfer and is a guide to its 
performance as a heat insulator. The higher the ‘R’ value, the more effective is the 
insulation. To achieve 5 star rating for houses in Melbourne, the minimum 
recommended ‘R’ value is R2.5 to R3.0 for ceilings and R1.5 for external walls. 
 
2.9.3 Thermal mass 
Thermal mass is a term used to describe the ability of building materials to store 
heat. The purpose of thermal mass is to store heat energy when it is abundant 
(daytime) and release when it is scarce (at night) thereby reducing the temperature 
extremes. Concrete slab on ground or masonry walls can act as a thermal mass. 
Care must be taken so that thermal mass has sufficient solar access during winter 
otherwise it may actually increase the heating demand. Using carpet on concrete 
slab tends to reduce the effectiveness as thermal mass. A tiled floor, on the other 
hand, tends to increase thermal mass. 
 
For maximum effectiveness, thermal mass should be insulated from external 
temperatures. The benefits of thermal mass are considerably reduced if the 
external envelope is not insulated. For this reason brick veneer walls offer little 
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2.9.4 Double glazing of windows 
A great portion of heat loss in a house can occur through the windows and it can 
be prevented by double glazing the windows. Double glazing comprises two panes 
of glass with a sealed space (about 12 mm of width) between. The space is filled 
with air or an inert gas with better insulating properties than glass. 
 
2.9.5 Design Issues 
Low ceiling height (2.4m) should preferably be used as it reduces the volume of 
space needed to be conditioned. Voids and cathedral ceilings are not 
recommended. Large open plan living areas should be avoided. Internal layout 
should utilize the concept of zoning similar areas (living, bed). Zoning helps 
effective use of heating or cooling. In two-storey dwellings, the upper storeys have 
more potential to overheat in summer. To overcome this, higher thermal mass 
should be used (suspended concrete slab, internal brick walls and the like). 
 
2.9.6 Active Solar System: Solar photovoltaic (PV) panels 
It is feasible to produce 100% of a home’s electricity using PV panels. A major 
problem is that the sun will not necessarily shine everyday or when it is needed 
most. Hence a grid connected PV system with net metering is the ideal solution. It 
means that the household will supply the grid when electricity is produced in 
excess and take from the grid when it is needed and the household will be charged 
for the net amount of electricity used. The cost of PV systems is still prohibitive 
though currently they may pay off in 5-6 years. 
 
2.9.7 Active Solar System: Solar hot water 
Water heating accounts for about 30% of energy use in an average household. A 
solar hot water system can greatly reduce the energy use in a typical home in 
Australia and is highly cost-effective than the solar PV system. Most solar hot 
water systems use solar collectors or panels to absorb energy from the sun. Water 
is heated by the sun as it passes through the collectors. It then flows into an 
insulated storage tank for later use. A solar hot water system should be gas 
boosted in times of higher demand if reticulated gas is available. 
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2.9.8 Water conservation 
Water conservation includes low flow fixtures, rainwater collection and grey water 
reuse. Water efficient plumbing fixtures and appliances include AAA rated shower 
heads, dual flush toilets, water efficient washing machines and dishwashing 
machines etc. A rainwater tank collects roof runoff and is easy to install and the 
water may be used for all purposes permitting local regulations. A grey water 
recycle system typically can supply water to subsurface irrigation of the garden. 
 
2.9.9 Waste reduction and recycling 
Waste minimisation can be achieved both at construction phase and at operation 
phase. At construction phase, use of recycled materials such as concrete with 
recycled aggregates from demolished buildings, reduction of onsite waste 
generation should be aimed for. In Australia, approximately, 40% of all waste 
going to the landfills are building waste. There are private companies who do the 
recycling of demolished building waste commercially. At operation stage, 
separation of recyclables at source (homes) from other waste to help the local 
councils in collecting and processing recyclables is important. Local councils 
generally provide two separate bins for households. In some councils in 
Melbourne, even more bins are provided to facilitate separation of recyclables at 
source. Organic waste can be composted in a compost bin and used as manure in 
the garden. 
 
2.10 Sustainable Housing: International 
There is a growing effort internationally in sustainable housing or green building. 
This is particularly visible among developed nations including Europe, the USA 
and Canada. The United Kingdom is one of the leaders in sustainable housing in 
Europe with large projects such as the ‘Thames Gateway’, ‘One Million 
Sustainable Homes’ and ‘Beddington Zero Energy Development’ (Durney & Desai 
2004; James & Desai 2003). In Canada, significant efforts of achieving energy 
efficiency are ongoing including an R-2000 standard for housing (voluntary) (NRC 
2005) and test houses to promote sustainability (NRC 2005a). LEED (Leadership 
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in energy and environmental design) is the most widely accepted rating tool 
developed by the United States Green Building Council (USGBC).  
 
2.11 Discussions 
The issue of climate change is a growing and continued effort to reduce its impacts 
is ongoing. This is a global issue and requires global solution. Nonetheless, 
developed nations are the main cause of GHG emissions and should bear the 
responsibility and initiate actions. Developed nations then will follow. 
 
Recent history of global actions is encouraging. Sustainability is at the forefront of 
government policies, local government policies and even in corporate policies. 
Rising awareness in the public, media, increased energy prices are driving force 
towards reducing GHG emissions. 
 
Being one of the major sectors; housing sustainability need to be achieved. 
Approximately 20% of all GHG emissions in a typical developed country are 
attributed to the residential sector. Therefore, this sector is a major intervention 
area. Housing sustainability issues are discussed. The most common issues 
include insulation, passive solar design, solar hot water system, solar photovoltaic 
panels, rainwater tank, low flow water fixtures and energy and resource efficient 
appliances. 
 
The uptake of sustainable technologies is related more to consumer attitudes than 
technology itself as commented by Edwards (2000): 
“Sustainable housing is constrained by consumer attitudes, not technical 
uncertainty. In fact some suggested that the resistance to sustainability is 
80% cultural and only 20% technical, though this may be an exaggeration. 
However, it is clear that customer attitudes need to be addressed if 
sustainable design is to become mainstream.” 
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CHAPTER 3 
Sustainable Housing: Australian Experience 
 
3.1 Introduction 
Australia has progressed reasonably well in the housing sector in regard to 
sustainability. There are a number of good examples of sustainable housing in 
Australia (Commonwealth of Australia 2007). This chapter enlists Australian 
achievements and activities (research and non-research) related to sustainable 
housing. There is a growing understanding in the building industry about being 
‘green’ and doing things in a sustainable manner. There is also a higher uptake of 
green technologies in the new homes. In Victoria this is primarily driven by the 5 
star standards since 2005. Generally all the states and territories provide 
significant financial incentives towards sustainable green technologies. These 
include rebates program to supplement the high initial setup costs of some 
technologies including solar PV panels, solar hot water systems and rainwater 
tanks. 
 
The first major step in energy efficiency of housing was in 1991 when minimum 
insulation regulations were first introduced in Victoria. However, in the subsequent 
decade there was no further improvement, despite the fact that individual 
architects and builders had demonstrated that significant energy efficiency 
improvements could be made (SEAV 2004). The introduction of five star standards 
in 2005 (in Victoria) was the second major step towards energy efficient housing. 
 
Increased awareness in the general public and available green products in the 
market are key to sustainable housing. There are popular television programs 
such as 'Making the Switch', 'Carbon Cops' and 'Better Homes and Gardens' 
directed to educate and promote sustainability in households.  
 
The decision of the Australian Government to phase out incandescent light bulbs 
with energy efficient bulbs in the next 2 years (by 2009-2010) should contribute 
significantly towards reducing GHG emissions.  
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3.2 Australian Knowledgebase of Sustainable Housing 
3.2.1 Your Home Technical Manual 
This is by far the most comprehensive guide to housing sustainability issues 
prepared by Australian Greenhouse Office. The technical manual is available 
online for general use by professionals, students, researchers and members of the 
public (Commonwealth of Australia 2008). It includes major issues such as 
passive design, energy use, materials use, water use, site impacts and other 
impacts. It also includes a comprehensive discussion of case studies around 
Australia. 
 
3.2.2 BDP Environment Design Guide 
The Building Design Professions (BDP) Environment Design Guide (EDG) is a 
comprehensive source of information on environmental issues, specifically tailored 
to the needs of Australian building and planning design professionals (AIA 2009). 
However, subscription is required to access information online. 
 
It provides reliable, practical information, allowing practitioners to make educated, 
environmentally responsible decisions during the early phases of design, where 
the greatest environmental benefits can be realized with the least cost. 
 
EDG is a useful tool for all design disciplines, and includes material specifically 
aimed at architects, engineers, landscape architects, planners and quantity 
surveyors. EDG is produced by the Australian Council of BDP, a peak body for 
design professionals, representing Association of Consulting Architects, 
Association of Consulting Engineers Australia, Australian Institute of Landscape 
Architects, Australian Institute of Quantity Surveyors, Engineers Australia, Royal 
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3.3 Australian Case Studies: Single Dwelling 
Australia has a number of climatic zones from cool temperate in the south to 
tropical climate in the north. The approach to sustainable housing varies slightly 
among these climatic zones. The Australian Greenhouse Office (AGO) has 
compiled case studies of green homes for each climatic zone. A short description 
of some of these case studies along with other relevant projects makes up this 
section. It must be mentioned here that there have been numerous sustainable 
houses built around Australia to date and many of them remained either 
unreported or received little publicity. The list of sustainable homes presented 
below is a guide only. Some of them formed part of research projects and 
therefore well published through internet and scholarly publications. 
 
3.3.1 Research house (Rockhampton, QLD) 
This sustainable home is an initiative of Queensland department of housing’s 
smart housing program. It was essentially built as a display and research home 
(Buys et al 2004; Buys et al 2005). Water conservation included two rainwater 
tanks of 2000L and 5000L capacity and AA rated low flow taps and showerheads. 
Active solar systems included 1.97 kWp PV arrays and a solar hot water unit. 
Research outcomes show that significant water (usage 1031 litres/day for a family 
of five saving 424 litres/day) (Queensland Government 2006) and energy savings 
(reported saving 1206 kWh/year) were made during 2003-04 compared to a typical 
Brisbane city household (Queensland Government 2006a).  
 
3.3.2 Subiaco Sustainable Demonstration home (Perth, WA) 
This demonstration home is at the centre of sustainable housing effort in Western 
Australia and generated significant public interest. This home achieved a five star 
rating by FirstRate and was opened for public inspection in 2004. The house 
achieved top rating with AccuRate and NatHERS. The active solar systems 
included a 1.5kWp capacity PV array and a solar hot water unit. Water 
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3.3.3 Sharland Oasis (Geelong, VIC) 
Located in a water-sensitive urban subdivision developed by Barwon Water, this 
demonstration home showcases water and energy conservation. The home was 
constructed during 2004-2005 and was for public display during 2005-2006. 
Deakin University was to monitor its performance including water and energy 
usage for 18-24 months when residents were to live in the house. The main 
sustainable features include five rainwater tanks, one greywater system, solar PV 
(2040 Wp) panels and a solar hot water unit (Barwon Water 2009). Monitoring 
report showed 63% less water usage than average Melbourne household (SWF 
2008). 
 
3.3.4 Healthy Home (Gold Coast, QLD) 
The healthy home project in Gold Coast is an elaborate research project 
incorporating quantitative analysis of its performance. The house incorporates all 
major sustainable housing principles. Monitoring of energy and water usage in 
2000 and 2001 showed that the residents (two adults and three children) made 
significant savings (water usage 627 litres/day compared to 814 litres/day average 
Gold Coast home; electricity usage 16.2 kWh/day including PV panels compared 
to 27.3 kWh/day average Gold Coast home usage). (Gardner et al 2002) 
 
3.3.5 Ecohome at Sunbury, VIC 
This sustainable home was designed to be a resource efficient, low allergy family 
home incorporating good passive design, active solar systems, rainwater and 
greywater systems etc. Most of the passive design features including siting, 
orientation, thermal mass, effective insulation, double glazed windows etc were 
achieved in this home. Active solar systems included a 1.6 kWp grid connected PV 
system and a solar hot water unit. Water features include a 5000 litre rainwater 
tank and a grey water system used for toilet flushing and garden irrigation. The 
household reported 50% savings in water usage (Commonwealth of Australia 
2008a). 
 
3.3.6 EcoHome at Newcastle, NSW 
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This home (acquired in 1992 and renovated in 1994) is an initiative of Newcastle 
city council and primarily focussed on reducing the ecological footprint (or human 
impact on environment). This is a good example of ‘sustainable living’ by 
residents. Sustainable living means reduced resource use including energy and 
water through lifestyle change such as shared car ownership, growing own 
vegetables and fruits to name a few. Key features in the house are solar hot water 
unit, rainwater and greywater systems, compost bins and worm farms, fruits and 
vegetables garden and sustainable living. Two adults lived in the house since 
1994 and they estimated their total energy usage was about one third of that used 
by an average Australian household (Wesley Mission 2009). The house reduced 
its ecological footprint to 40% of Australian average in 2000. Lessons from this 
project were later converted to a larger project called the Ecovillage. 
 
3.3.7 Michael Mobbs’ Sustainable Home in Sydney, NSW 
Constructed in 1996 by Michael Mobbs and Heather Armstrong, this is one of the 
earliest and ambitious sustainable homes in Australia. This home collects all its 
water demand from the roof using a concrete rainwater tank (8500 litres), 
generates all its electricity needs using PV panels (2160 W) and treates its 
greywater for reuse in the home. The residents live a sustainable lifestyle with 
reduced water demand (only 350 litres/day) and reduced energy demand (5700 
kWh). (Mobbs 1998) 
 
3.3.8 Bunbury ecoHOME, WA 
This is a recent ongoing project which aimed for showcasing sustainable housing 
technologies in Western Australia. Constructed during 2005-2006 and in 
demonstration during 2006-2007, this project was funded by West Australian 
Department of Education and Training and Sustainable Energy Development 
Office (SEDO).  Energy and water usage were monitored while two adults living in 
the house for twelve months. Household water usage (154 kL/year) was much 
lower than Perth average (327 kL/year) (Rogers & Holroyd 2007). Electricity usage 
(1123 kWh/year) and gas usage (1858 Mj/year) also much lower than average 
Perth household. (Rogers & Holroyd 2007). 
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3.4 Australian Case Studies: Medium Density 
 
3.4.1 Sydney Olympic Village Newington, Sydney 
The Olympic Village located at Newington constructed to house the athletes during 
the Games and afterwards became a residential suburb housing 5000 people. At 
the time of the 2000 Olympic Games the village of 665 houses was one of the 
world’s largest solar powered suburbs.  With 1000Wp PV cells on each roof the 
village generating over 1,000,000 kWh per year.  This “green power” is being used 
in the homes during the day with the surplus directed into the grid.  Power is drawn 
from the grid at night and when solar power is not available.  In addition the 
houses have gas boosted solar water heaters installed.  
 
All houses are oriented to achieve best use of passive solar energy.  Ninety 
percent are oriented to maximize solar access with living areas between 20° west 
of north and 30° east of north.  Summer shading by pergolas and planting of 
deciduous trees allow maximum sun penetration in winter.  Water, wastes and 
materials selection all contribute to an exceptionally innovative housing 
development whose energy features save 50 percent compared to conventional 
housing, saving 7,000 tonnes of CO2 per year.  
 
3.4.2 Commonwealth Games (2006) Village, Melbourne 
The Commonwealth Games in 2006 gave the State of Victoria an opportunity and 
challenge to showcase sustainability through construction of the Games Village. 
The Games Village was located at Parkville and close to the city centre. This 
development was on a 20 hectares land to house estimated 6000 athletes. Key 
features are: 
 It contained mostly one and two storey detached house (155 detached 
houses, 25 townhouses, 105 apartments and 115 temporary 
accommodation buildings) 
 A six star energy rating for every house; energy efficient fittings and 
appliances 
 Solar hot water system, rainwater collection for toilet flushing and grey 
water recycling 
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 About 95% of construction and demolition waste (site was originally an old 
psychiatric hospital) was recycled 
 Sensor lighting 
 
3.4.3 Christie Walk, Adelaide 
This is a medium density housing development in Adelaide showcasing most of 
the environmental features. It was initiated by Urban Ecology Australia as a 
demonstration project to promote sustainable thinking. Christie walk is regularly 
visited by members of the public as well as experts since 2001 (UEA 2008). As of 
2007, 42 people were living in 27 dwellings built in a 2000 m2 area. Energy usage 
data during 2003-04 showed large savings (5.2-6.3 kWh/person/day depending on 
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3.5 Organisations Facilitating Housing Sustainability in Australia 
There are a number of organisations in Australia that are involved in promoting 
sustainability in the housing sector. The following is a list of institutions or 
companies that have made significant contribution towards promoting housing 
sustainability. This list is a guide only and is not exhaustive. There are also 
encouraging numbers of local governments (city councils or shire councils) that 
are involved in promoting sustainability as a whole. 
 
3.5.1 AHURI (Australian Housing and Urban Research Institute) 
AHURI is a national research organisation, specialising in housing and urban 
research and policy. It conducts research on housing and related urban outcomes 
throughout Australia. It creates and disseminates knowledge in housing markets, 
housing policy and programs. It is organised as a network comprising of a small 
management company (AHURI Ltd) in Melbourne and seven participating 
research centres throughout Australia. It receives funding as Government grants 
from the commonwealth, state and territory. 
 
Main research themes of AHURI are housing policies and programs, housing 
affordability, urban and regional, housing markets and so on. Although AHURI 
does not focus on environmental sustainability, it creates valuable knowledge in 
economic and social sustainability and other housing related issues. 
 
3.5.2 Australian Greenhouse Office (AGO) 
AGO is a key government institute (under the Department of Environment and 
Water Resources) with regard to climate change issues. It maintains Australia’s 
green house gas (GHG) inventory, promotes renewable energy and energy 
efficiency, advises Government on strategic policy issues, international 
engagement on climate change and so on. AGO is the national administrator of 
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3.5.3 Building Commission Victoria 
The Building Commission is a statutory authority that oversees the building control 
system in Victoria. The Commission promotes innovation and provides leadership 
to the Victorian building industry.  It regulates building practices, advise 
Government and provide services to industry and consumers.  
 
3.5.4 CSIRO (Commonwealth Scientific and Industrial Research Organisation) 
CSIRO is the commonwealth peak research body in Australia. CSIRO developed 
the AccuRate house energy rating software in partnership with Australian 
Greenhouse Office.  
 
3.5.5 Australian Building Codes Board (ABCB) 
The Australian Building Codes Board (ABCB) is a joint initiative of all levels of 
Government in Australia and includes representatives from the building industry. 
The Board was established under an Inter-Government Agreement signed by the 
Australian, State and Territory Governments in March 1994. The ABCB's mission 
is to oversee issues relating to health, safety, amenity and sustainability in 
buildings through the creation of nationally consistent building codes and 
standards (ABCB 2007). In particular, when there is a market failure of energy 
efficiency in residential houses, ABCB may intervene through statutory means 
(Australian Government 2006). 
 
3.5.6 Housing Industry Association (HIA) 
HIA is a national body representing the housing industry. HIA looks after the 
interest of the industry. HIA recognises the business opportunity arising from 
sustainable design and introduced GreenSmart award to reward and promote 
environmentally responsible housing (HIA 2008). 
 
3.5.7 Green Building Council of Australia 
Launched in 2002, the GBCA is a national, not-for-profit organisation that is 
committed to developing a sustainable property industry for Australia by 
encouraging the adoption of green building practices. It has developed ‘Greenstar’ 
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rating tools specifically for residential, office, retail centre, healthcare and 
education centre among others (GBCA 2008). GBCA runs training courses on its 
rating tools and have accredited about 3500 professionals across Australia. 
 
3.5.8 Sustainability Victoria 
Sustainability Victoria was previously known as Sustainable Energy Authority 
Victoria and a partner to this research. The main mission of this organisation is to 
engage, involve and lead Victorians to environmental sustainability. This is a 
statutory organisation created by Sustainability Victoria Act 2005. It works with 
local and state governments, schools and community groups to promote 
sustainability (Sustainability Victoria 2008). 
 
3.5.9 Sustainable Energy Development Authority (SEDA), New South Wales 
SEDA is a similar organisation in NSW as Sustainability Victoria in the state of 
Victoria. SEDA's Energy Smart Homes program, launched in July 1997 was to 
promote the construction and marketing of energy efficient homes by working with 
local councils and home designers and builders. In the first phase of the program, 
SEDA and 40 local councils developed a policy which requires minimum energy 
standards in new houses and major renovations. Also under the program, builders 
and developers signed voluntary agreements to apply energy efficiency principles 
in their design and construction of houses and have their achievements publicised.  
 
3.5.10 VicUrban (Victoria) 
VicUrban is a leading organisation to promote sustainable housing developments 
in Victoria. The role of VicUrban is interesting. This is a state funded organisation 
but expected to run commercially competitive projects while maintaining its 
sustainability charter. VicUrban has been playing a key role through its 
development projects including Cairnlea (Deer park), Aurora (North Epping), 
Melbourne Docklands, Tenterfield (Burnside Heights), The Boardwalk (Point Cook) 
and many others across Melbourne fringe. VicUrban is a key industry partner in 
the Ecohome research project. 
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3.5.11 Landcom (New South Wales) 
Landcom is another key organisation for developing master planned communities. 
Landcom plays a similar role in NSW as VicUrban plays in Victoria. It leverages 
sustainability through its many master planned housing development projects. 
Owned by the NSW state government, Landcom is a leading master planner, 
facilitator and developer of sustainable communities in NSW (Landcom 2008). 
 
3.5.12 Sustainable Energy Development Office (SEDO), Western Australia 
SEDO was established in November 2001 by the State Government to implement 
the Government of Western Australia’s sustainable energy policy. It plays a vital 
role in accelerating the adoption of renewable energy and energy-efficient 
strategies across all sectors including sustainable housing. By implementing 
programs that promote and highlight the importance of renewable energy and 
energy efficiency, the SEDO aims to foster a sustainable energy industry in WA 
(SEDO 2008). In 2006-07, SEDO provided rebates for more than 2200 solar water 
heaters (SEDO 2008a). 
 
3.5.13 Department of Housing (Queensland) 
Queensland’s department of housing has been actively promoting housing 
sustainability in that state through its ‘smart housing’ project. Among its activities, 
a research house was built at Rockhampton for in depth study and public display 
(Dept of Housing 2008). Recently it initiated a number of sustainable homes 
across the state for public display. 
 
3.5.14 Planning SA (South Australia) 
The government of South Australia initiated a mandatory five star standards 
requirement in the state since 1 May 2006 through Planning SA. It also decided 
that these requirements would be administered through the updated versions of 
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3.5.15 Others 
There are a number of university centres including Institute of Sustainable Futures 
at UTS and Centre for Design at RMIT who are conducting research into 
sustainable housing. There are also other government agencies not listed here, 
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3.6 Legislation and Financial Incentives for Housing 
Sustainability in Australia 
 
3.6.1 Five Star Standards in Victoria 
The 5 star standards for all new homes in Victoria came into full effect from 1st of 
July 2005, after a 12-month transition period. This means it is mandatory for new 
homes to have a 5 star energy rating for the building fabric plus a rainwater tank 
for toilet flushing or a solar hot water system. Without these required elements, a 
building permit for a new home will not be issued. The standard applies to all new 
houses and apartments. Apartment buildings need to achieve a 5 star average for 
the whole building, and no individual dwelling rating less than 3 stars.  
 
The first 12-month transition period has shown, achieving 5 star is straightforward 
and, with good design, adds little to the cost of building while greatly benefiting the 
environment. The benefits of a 5 star house include comfort and energy and water 
savings. 
 
Building cost for achieving 5 star is important for economic sustainability. An 
independent study for the Building Commission shows that 5 Star energy and 
water saving measures add just 2 per cent to the average upfront cost of building 
in Victoria (Building Commission 2009). However, any increase in cost will be 
offset by ongoing savings on energy and water bills. The same study estimates a 
total annual savings of $250-$300 in energy and water bills for an average five star 
home compared to a conventional two star home. 
 
At present 5 star standards is mandatory in Victoria, ACT, South Australia and 
Western Australia. NSW uses BASIX. Other states follow Building Code of 
Australia (BCA) energy efficiency requirements applicable to all over Australia. 
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Table 3-1: 5 Star regulations across Australia 
State 5 Star building fabric 
5 Star building fabric plus 
renovations and alterations 
Victoria Yes from 2005 Yes from 1 May 2008 
ACT Yes from 2006 Yes from 2006 
Western Australia Yes from 2006 Yes from 2006 
South Australia Yes from 2006 Yes from 2006 
New South Wales NSW uses BASIX NSW uses BASIX 
Queensland 4 star energy rating - 
Tasmania 4 star energy rating 4 star energy rating 
 
 
3.6.2 Phasing out Incandescent light bulbs 
The Australian Government decided to phase out inefficient incandescent light 
bulbs with energy efficient compact fluorescent bulbs in three years by 2009/2010. 
This was a world-first by a national government and is predicted to reduce GHG 
emissions by 800,000 tons each year. 
 
3.6.3 Renewable Energy Certificates (RECs) 
Renewable Energy Certificates are electronic certificates that represent blocks of 
energy (in megawatt-hour) generated from renewable sources. RECs are created 
through the Commonwealth Renewable Energy (Electricity) Act 2000, to reduce 
greenhouse gas emissions from the use of electricity (Australian Government 
2009). Office of the Renewable Energy Regulator (ORER) administers RECs in 
Australia. 
 
3.6.4 Rebates for PV panels 
The Commonwealth Government, through the Australian Greenhouse Office, 
Department of Environment and Water Resources, offers rebates for solar power 
systems through the Photovoltaic Rebate Program (PVRP). The Photovoltaic 
Rebate Programme provides cash rebates for the installation of solar photovoltaic 
systems on homes, schools and community use buildings. Rebates up to $8000 
may be granted for a 1kWp (kilowatt peak) system installed in a new residence. 
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3.6.5 Rebates for Solar hot water systems 
The Victorian Government's Solar Hot Water Rebate assists Victorians to choose 
a more sustainable form of water heating. Rebates range from $480 to $1,500 for 
residential properties. The amount of rebate is based on the size of a system 
(amount of water produced) and performance (its solar contribution).The better 
performing systems, or the ones that make the most effective use of the sun's 
energy, attract a higher rebate. Similar rebate programs exist in other states and 
territories. 
 
3.6.6 Rebates for rainwater tanks 
Various State and Local Governments provide rebates for incorporating rainwater 
tanks into the home. Rainwater tanks qualify for rebates of up to $750, making the 
cost of rain harvesting systems more affordable. In Victoria, $150 rebates are 
available for connection of a rainwater tank of 600 litres or greater to a toilet. 
Together with the ongoing cost savings from reducing mains water usage, these 
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3.7 Rating Tools in Australia 
 
3.7.1 FirstRate 
FirstRate was developed by former Sustainable Energy Authority Victoria (now 
Sustainability Victoria). It provides a simple and quick method to assess and 
improve the energy efficiency of house designs and completed homes. It 
correlates the energy use predictions of NatHERS with building element 
properties. 
 
FirstRate is the HERS of choice in Victoria although NatHERS can also be used. 
Western Australia, South Australia and ACT thermal performance standards are 
also based on FirstRate.  
 
FirstRate measures the energy efficiency of a house by allocating a point score for 
various design features such as building fabric, window design, insulation and 
orientation etc. It provides an overall rating of 0 to 6 stars. An improved version 
FirstRate 5, the second generation rating software has been released in 2007. 
 
3.7.2 NatHERS (Nationwide House Energy Rating Scheme) 
NatHERS scheme and NatHERS software are two different things. NatHERS 
scheme sets the guidelines that must be followed by all the rating tools and 
NatHERS software is a rating tool developed by CSIRO.  
 
NatHERS scheme facilitates consistent and repeatable ratings irrespective of the 
commercial software tool selected, and ensures that homes in all regions are 
treated fairly in their rating. NatHERS enables homes of good practice for each 
local climate to receive a similar rating, even though each building will be subject 
to widely different climatic conditions. NatHERS is administered by the Energy 
Efficiency Working Group and managed by the Australian Greenhouse Office. In 
2006, the Australian Greenhouse Office introduced major revisions to NatHERS to 
suit an advanced second generation of energy rating software.  Additional 
information available at www.nathers.gov.au. 
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NatHERS software requires detailed information about the building such as 
orientation, construction type, insulation, window size and orientation, shading, 
ventilation etc. NatHERS software can produce detailed information on building’s 
thermal performance month by month. The basic output, however, is a simple 
report that shows how much heating and cooling energy would be required to keep 
the house comfortable. It allocates 1 to 5 stars rating for energy performance. 
 
3.7.3 AccuRate 
Released in late 2005, AccuRate is the updated software of NatHERS (also 
developed by CSIRO) and claims to be second generation rating software. Some 
of the limitations in NatHERS software were overcome in AccuRate. AccuRate is 
to provide the benchmark for accrediting other House Energy Rating Schemes 
(HERS) software for use with the BCA requirements. Other software packages are 
required to give results consistent with AccuRate. (Hearne 2008) 
 
3.7.4 BERS (Building Energy Rating Scheme) 
BERS is based on the same mathematical engine as NatHERS. It is more suitable 
for hot humid climate and therefore it is widely used in Queensland. It needs the 
same level of detail as NatHERS software but uses a simple graphical interface to 
make data entry easier. Currently BERS Pro (professional version) is available 
which uses the same mathematical engine of CSIRO’s AccuRate.   
 
BERS has been developed by Solar Logic in Brisbane. Solar Logic runs training 
courses to accredit BERS assessors. 
 
3.7.5 NABERS (National Australian Built Environment Rating System) 
NABERS is a scheme for rating existing buildings (office and residential) on the 
basis of their measured operational impacts. It rates both the building and the user 
and applies to existing buildings. NABERS is not a predictive tool and cannot be 
used at design stage.  
 
NABERS covers a wide range of issues using a whole of life approach. These 
include energy, refrigerants, water, storm water runoff and pollution, sewage, 
CHAPTER 3 SUSTAINABLE HOUSING- AUSTRALIAN EXPERIENCE 
3-18  SYED RAHMAN 
landscape, transport, indoor air quality, occupant satisfaction, waste and toxic 
materials. There is no regulatory requirement for using NABERS and is intended 
as a free tool. 
 
NABERS is a national initiative managed by NSW Department of Environment and 
Climate Change (DECC 2008). It has two online versions: NABERS Home and 
NABERS Office. NABERS Home rates performance of a home at a scale of 1 to 5 
stars. 
 
3.7.6 BASIX (Building Sustainability Index) 
The NSW Government introduced the BASIX (Building Sustainability Index) that 
applies to all new dwellings in NSW from 1 July 2005. It is a web-based planning 
tool designed to assess the probable performance of a proposed new home 
against a range of sustainability indices regarding water, thermal comfort and 
energy. BASIX aims to reduce the environmental impact of these features of new 
residential developments while allowing homes to be produced that are more 
comfortable and cheaper to run than most existing homes. 
 
The introduction of BASIX into the development approval process reflects the 
commitment of the NSW Government to water and energy conservation. The 
system is divided into two areas: detached residences and multi-unit residences. 
Residential developments of both types must now be designed and built to use 
40% less drinking-quality water and produce 25% less greenhouse gas emissions 
than the average NSW home of the same type. New homes must also meet 
requirements relating to the thermal performance of the building envelope. This 
requirement is aimed at ensuring that homes are not overly reliant on artificial 
heating and cooling, such as air-conditioning, in order to be comfortable. 
 
The tool initially requests information from the user about their development, such 
as its location and size, before moving on to questions on landscape, water, 
thermal comfort, and energy. These questions are used to generate efficiency 
scores, which must meet minimum targets. Once all targets are met, the user is 
able to obtain a certificate which they must lodge with their planning application. 
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BASIX allows architects and property developers to enter details of their property 
designs via an intuitive user interface. The application gives them instant scoring 
feedback on their proposed design. There is therefore no need for paperwork or 
multiple manual submissions in order to achieve a successful planning application. 
This makes the process more efficient for the user and reduces staffing 
requirements for councils. The process of achieving a BASIX certificate is 
standardised, facilitating a fair and consistent scoring process.   
 
In common with many multiple issue tools, BASIX uses some existing tools such 
as NatHERS and appliance energy and water ratings as part of the assessment 
process. 
 
3.7.7 ABGR (Australian Building Greenhouse Rating) 
The ABGR scheme rates commercial office buildings only according to their actual 
greenhouse gas emission performance using 12 months’ energy data. It awards 
from one (least performing) to five (exceptional performance) stars. It is a 
voluntary rating tool administered nationally by its developer, the NSW Department 
of Environment and Climate Change (DECC). The ABGR scheme is administrated 
regionally by various state agencies around the country including Sustainability 
Victoria, Sustainable Energy Development Office WA and Queensland EPA. 
Additional information can be found at www.abgr.com.au. 
 
3.7.8 Greenstar (Green Building Council of Australia) 
Green star was developed by Green Building Council of Australia (GBCA) for 
rating commercial office buildings only but may be expanded for residential 
buildings in the future. It considers a wide range of environmental categories such 
as indoor environmental quality, energy, transport, water, materials, land use and 
management. Green star incorporates another rating tool ABGR in its assessment. 
It gives rating from 0 to 6 stars with 4 star meaning industry best practice, 5 stars 
meaning Australian excellence and 6 stars meaning world leadership. Council 
House 2 in Melbourne achieved a 6 star rating. This rating tool in Microsoft Excel 
is free for use and can be downloaded from GBCA website (www.gbcaus.com.au). 
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3.7.9 STEPS (Sustainable Tools for Environmental Performance Strategy) 
STEPS is an interactive, user-friendly, web-based residential building sustainability 
rating tool developed as part of the Moreland Sustainable Tools for Environmental 
Performance Strategy (STEPS) project. The web-based tool provides a 
comprehensive assessment of the environmental performance of a given planning 
application, and generates a report, which offers relevant information for 
increasing the sustainability performance of the proposed dwelling.  
 
STEPS is a Moreland City Council initiative. Ark Resources, Integrated Urban 
Management (IUM), Centre for Design RMIT and GHD Pty Ltd provided expert 
advice and technical information to enable the development of the tool.  
 
3.7.10 General Discussion on Rating Tools 
In simple terms, the rating tools that are available may be considered adequate 
and sufficiently accurate for the current market and regulatory requirement. In the 
future it may be expected that they will be further improved to keep up to date with 
new regulations and new products. Currently FirstRate 5, BERS and AccuRate are 
the most sophisticated and widely used rating tools in Australia for rating 
residential buildings. 
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CHAPTER 4 
The Cairnlea Ecohome: Sustainability Outcomes 
 
4.1 The Ecohome at Cairnlea  
The ‘Ecohome’ at Cairnlea in Melbourne (Figure 4-1) is a research house 
achieving a 6 star house energy rating building envelope using FirstRate rating 
system. It was added with ‘off the shelf’ sustainable technologies and products 
such as a rainwater tank, grey water recycling, a solar hot water unit, solar 
photovoltaic (PV) panels and a compost bin. The construction of the house started 
in 2003 and was completed in January 2004 by Metricon Homes, one of the 




Figure 4-1 the Ecohome at Cairnlea Estate (Deer Park, Melbourne) 
 
What differentiates this house from many other examples of ‘sustainable’ houses 
is that it is a project home, designed for mass-production with minor customisation. 
The aims of the Cairnlea Ecohome were: 
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1. To construct a marketable sustainable display house that can be 
reproduced easily across the Cairnlea Estate with minor adaptations 
2. To inspire visitors who would eventually buy new houses or retrofit existing 
houses to incorporate more environmentally responsible features. 
3. To act as a marketing device to showcase the many readily available 
sustainable building products, appliances and landscape elements, and to 
associate the project partners with good environmental practice in the built 
environment. 
4. To provide valuable monitoring data (temperature and air quality) to the 
research team to evaluate performance. 
 
Another unusual aspect of this project was the large number of industry partners. 
Funding and in-kind support was provided by eight industry stakeholders, namely: 
• Metricon Homes (the builder) 
• VicUrban (the Victorian government’s urban development agency, formed 
from the merger of the Urban and Regional Land Corporation, who were 
originally involved in the Ecohome project, and the Docklands Authority) 
• The Building Commission (Victoria’s building regulator) 
• City West Water (who supply water and sewage services to the Cairnlea 
Estate) 
• Melbourne Water (a Victorian Government agency who manage 
Melbourne’s water supply catchments, remove and treat most of 
Melbourne’s sewage and manage waterways and major drainage systems 
in and around Melbourne) 
• The Sustainable Energy Authority Victoria (SEAV, a government authority 
created to lead and coordinate initiatives to expand sustainable energy 
industries, markets and technologies). Recently it has been renamed and 
known as "Sustainability Victoria" 
• Origin Energy (an energy supplier with interests in renewable energy 
production) 
• Hassell Architects (a planning and design consultancy, who designed the 
landscapes at Cairnlea Estate and also designed the Ecohome 
landscaping) 
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Research and monitoring was undertaken by RMIT University and Deakin 
University. The following Table 4-1 presents further details of the project. 
 
Table 4-1: Ecohome Project Details 
Owner Metricon Homes Pty Ltd 
Project Team Designer, Builder & Construction manager: Metricon Homes Pty 
Ltd 
Landscape Architect: Hassell Architects 
Sustainability adviser: Centre for Design (RMIT) & Sustainable 
Solutions 
Completion Date January 2004 
Land area Standard block (about 600 m2) 
Building size 280.8 m2 
Footprint 190.6 m2 
Floor height 2550 mm ground floor; 2400 mm upper floor 
Roof pitch 27 degrees 
Construction Type Brick veneer and weatherboard cladding 
Building type Detached house 
Occupancy An English couple (recent migrants) with two school going children 
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4.2 Media and Public Interest  
There has been significant media and public interest in this pioneering sustainable 
project in Victoria. A large number of people visited the display home and their 
feedback collected by Metricon Homes showed that more than three-fourth of the 
public said they would incorporate sustainable features in their homes. 
 Sustainability experts Robert and Brenda Vale visited the Ecohome (on 
display) on 16 July 2004. 
 The Ecohome was ceremonially opened by Victorian Minister for Major 
Projects Honourable Peter Batchelor on 16 June 2004 with media 
presence. 
 Dr Indubhushan Patnaikuni, one of the chief investigators in this project, 
was featured in an Indian Newspaper (The Hindu 2007) article talking about 
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4.3 Ecohome Features  
4.3.1 Solar PV panels 
The Ecohome is equipped with solar photovoltaic panels (Figure 4-2) that produce 
part of its own electricity needs. The system is connected to the national grid with 
'net metering' which is cost-effective. With net metering, expensive battery storage 
system can be avoided. Electricity is supplied to the property by Origin Energy if 
excess demand is created than the system can supply. The benefit of grid 
connection is that when the system produces more electricity than is consumed in 
the house, excess electricity is sold to the energy retailer thus cutting energy bills.  
 
 
Figure 4-2: Solar photovoltaic panels on roof of the Ecohome (450Wp capacity). 
 
4.3.2 Solar hot water system 
The Ecohome has an “AquaMax” hot water system (Figure 4-3) installed and 
connected to natural gas. The system was chosen because of its optional solar kit 
that boosts the stainless steel hot water unit by solar power. This causes an 
overall reduction in gas usage for heating water. The free solar energy warms the 
stored water. It is then brought up to the required temperature by a gas boost, 
benefiting the consumer and saving the environment. 
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Figure 4-3: Solar hot water unit. 
 
4.3.3 Hydronic heating 
Hydronic heating (Figure 4-4) works on recirculating water heated by a natural gas 
or LPG fired boiler. The water is circulated from the boiler into radiators, skirting 
board convectors or fan convectors located at different points in the home. Using 
natural convection the air doesn’t dry out or cause unpleasant draughts or 
allergies. The hydronic system is also safe for children, pets and the elderly with 
the surface temperatures of the radiators well below other forms of heaters. The 
system is modular so that each radiator can be thermostatically controlled and 
turned off when not needed. 
 
 
Figure 4-4: Hydronic heating panel 
 
4.3.4 Rain water tank 
Australian homes use on an average 700-1100 litres of water each day. About 
66% of it is used for indoor activities and the rest 34% for outdoor activities such 
as watering the lawn or a swimming pool. Indoor water usage includes 20% in the 
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bathroom showers, 20% in toilet flushing, 12% in the laundry and the rest 14% in 
the kitchen sinks and basins (WSAA 2001).  
 
The installation of a rainwater tank of capacity 1000 litres (Figure 4-5) would help 
conserve potable water. Although not recommended for drinking, the rainwater 
tank offers readily available water for use in toilet flushing, in washing machines 
and for landscape irrigation. 
 
 
Figure 4-5: Rain water tank (1000 litres) for roof runoff collection 
 
4.3.5 Grey water recycling 
The wastewaters from the kitchen, bathroom and laundry constitute the grey 
water. The kitchen grey water can be heavily contaminated with food particles and 
oil and hence not collected in the Ecohome. However, bathroom and laundry grey 
water is less contaminated and hence suitable for reuse after some treatment. The 
current legislation does not allow grey water to be used for surface irrigation but 
allow for subsurface irrigation in the garden. 
 
4.3.6 Water efficient appliances 
The Ecohome uses AAA rated water taps and showerheads and dual flush toilets 
throughout the house. Using these products does not create added work or 
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inconvenience while cutting the cost of water bills and more importantly conserving 
potable water. 
 
4.3.7 Low emission paints 
Externally and internally, the Ecohome utilizes the low emission paints such as 
Taubman’s paint. These paints are water based, which makes them safer to 
handle during application. Due to lower amount of volatile organic compounds 
(VOCs), they reduce the potentially harmful chemical emissions that become 
airborne during drying and over the paint’s lifespan. 
 
4.3.8 Heat recoverable ventilation system 
Maintaining a healthy environment through indoor air quality was considered as a 
prime objective of the Ecohome design. Poor indoor air quality can cause 
respiratory ailments, aggravating allergies and even cause persistent coughs. The 
Ecohome uses a Venmar energy and heat recovery ventilation system. This 
system maintains a consistently good level of fresh air in the home by filtering out 
particles and controlling the humidity levels. The Venmar system also reduces its 
energy requirements by housing its exhaust and supply blowers in one cabinet, 
saving space and money. 
 
4.3.9 Recycling 
One of the major environmental challenges Australia faces today is the 
unnecessary growth of landfill waste. The lack of separation between recyclable 
and non recyclable waste is a major cause of this growth. The Ecohome 
addressed this challenge by incorporating two separate chutes (Figure 4-6) in the 
kitchen for recyclable waste and non recyclable waste. The wheelie bins are 
attached outside the kitchen just below the chutes. Thus the waste is separated 
first hand at home. This ensures the recycling and reduces the amount of waste 
going to the landfills. 
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Figure 4-6: Separate collection chutes for recyclables and organic waste;  
Below: Wheelie bin for green waste (left) and Wheelie bin for recyclables (right). 
 
4.3.10 Use of recycled and natural materials 
Plantation timber was specified for use throughout the house including for 
prefabricated wall and trussed roof framing, and for the kitchen joinery. Local 
plantation timber was used for truss frames. 
 
Durability was another issue considered. Treated steel was selected for the metal 
roofing, fascia, downpipes and quad gutter, and treated steel weatherboard 
cladding was selected for the first floor side and rear elevations, because of the 
system’s durability. 
 
A decision was made to avoid the use of polyvinyl chloride (PVC) as much as 
possible. While it was used for electrical cabling and for some plumbing traps, 
primarily for reasons of cost, the majority of plumbing including sewer, waste pipes 
and stormwater drains was installed using high-density polyethylene (HDPE) pipes 
supplied by Reece. 
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Use of recycled materials was considered another important strategy. For 
example, recycled concrete with a polystyrene (CO2 blown) insulating waffle pod 
was used for the slab floor. The roof and wall insulation is recycled polyester batts. 
Fly ash was used for concrete floor of the Ecohome which is a byproduct of 
thermal power plants (coal fired). Wherever possible, recycled materials and 
materials containing low embodied energy were used. 
 
4.3.11 Landscaping 
Landscaping surrounding the Ecohome had taken into consideration the strategic 
positioning of trees and shrubs to achieve natural shading and open areas. Low 
consumption of potable water in gardening was achieved through the careful 
selection of low water consuming native plants and subsurface irrigation. 
 
4.3.12 Additional cost 
There was significant additional cost (over $37,000) to add sustainable features in 
the Ecohome. Itemized costs of these features are presented in Table E-1 of 
Appendix E. Some of the features are related to health and well-being while others 
contribute to energy and water savings. Items contributing to energy and water 
savings cost approximately $25,000. However, with product availability, the costs 
of these features should come down particularly for solar PV panels, solar hot 
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4.4 Passive Design Aspects  
Energy efficient building design elements include insulation, thermal mass, 
orientation and solar access, double glazing, shading etc. Ecohome specifications 
related to insulation and materials are presented in Table 4-2. The method of 
construction was no different than a standard brick-veneer home except additional 
plumbing was required for the grey water and rainwater system.  
 
4.4.1 Insulation 
Insulation is the single most important aspect of good thermal design. The 
measure of insulation is ‘R’ value. It is the measure of the product’s resistance to 
heat transfer and is a guide to its performance as a heat insulator. The higher the 
‘R’ value, the more effective the insulation is in reducing heat flow. To achieve 5 
star rating for houses in Melbourne, the minimum recommended ‘R’ value is R2.5 
to R3.0 for ceilings and R1.5 for external walls. In the Ecohome, external walls 
consisted of R2.0 (recycled polyester batts) insulation and ceiling consisted of 
R3.5 insulation (Table 4-2). There was no insulation between the ground and 
upper floor at the floor level. Ecohome achieved 6 stars using FirstRate rating 
system. 
 
4.4.2 Thermal mass 
The purpose of thermal mass is to store heat energy when it is abundant (daytime) 
and release when it is scarce (at night) thereby reducing the temperature 
extremes. Concrete slab on ground or masonry walls provide high thermal mass. 
Care must be taken so that thermal mass has sufficient solar access during winter 
otherwise it may actually increase the heating demand. The Ecohome is a timber 
framed brick-veneered home where most of the thermal mass is contributed by a 
concrete slab on ground. For the thermal mass to be effective it must be exposed 
to the incoming solar radiation. Thermal mass of the concrete slab was mainly 
utilized in the sitting, dining and living areas where windows are facing north. The 
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4.4.3 Orientation and solar access 
A north facing house can maximize the solar access. By keeping the living areas 
to the north, winter solar access can be maximized while summer sun can be 
easily obstructed by using eaves, verandahs or other shading devices. However, 
for a particular plot of land, north facing may not be achieved but proper design 
can still overcome this limitation. The Ecohome is on a conventional east-west 
(west facing) housing block but designed to maximize solar access. Daytime living 
areas were positioned to the north while service and bed rooms were positioned to 
the south. Longer dimension of the house is north facing and most of the living 
area windows are facing north, which is in accordance with passive solar design 
principles. Design was such that no eaves were required for the ground floor 
windows on the north face. 
 
4.4.4 Windows and Double glazing 
High performance windows (aluminium improved with timber reveals) were 
selected for all openings, particularly on the western side of the house. The co-
planar reveal system avoids the cold bridging and reduces temperature transfer 
through the aluminium, thus improving energy efficiency. This system is classified 
under the Window Energy Rating Scheme as “aluminium improved”, and its use 
can increase an overall house energy rating by up to half a star.  
 
A great portion of heat loss in a house can occur through the windows and it can 
be reduced by double glazing the windows. Double glazing comprises of two 
panes of glass with a sealed space (about 12 mm of width) between. The space is 
filled with air or an inert gas with better insulating properties than glass. All the 
windows in the Ecohome are double glazed but steel framed glass walls in the 
ground floor around lounge and family room were not as the cost was prohibitive. 
 
4.4.5 Shading 
Appropriate shading should be provided to reduce solar access in the summer 
while maintaining solar access in the winter. Methods include deciduous vines or 
trees to the north or pergolas covered with deciduous vines. These provide self 
adjusting seasonal shading. In the Ecohome, this condition was mostly fulfilled by 
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providing timber pergola at Alfresco (Figure 4-7) covering living and dining space 
where most of the solar gain is achieved. It is important to note that design did not 
include any awnings to ground floor windows. This was a design decision made to 
represent volume builders’ product range. In order to counter balance this, west 
and south faces have very limited windows and almost a blind wall. In fact natural 
shadings provided through trees were located along the north face as a landscape 
feature mainly to reduce winter winds from north. All windows were provided with 
thermal blinds of highest quality. 
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Table 4-2: Ecohome specifications- materials and insulation 
Items Description 
External 
Nubrik clay brickwork with natural raked mortar joints 
Colorbond metal roofing 
Colorbond fascia, down pipes and quad gutter 
Colorbond weatherboard cladding to first floor side and rear 
elevations 
Corinthian tempered hardboard flush panel front entry door with 
glazed panels and aluminium entry frame 
Aluminium powder coated balustrade and timber decking to balcony 
Slab Floor 
Concrete with recycled content and Polystyrene (CO2 blown) 
insulating waffle pod 
Windows 
A&L windows aluminium improved with timber reveals 
Double glazed awning windows to front elevation 
Sliding windows to side and rear elevations 
Framing Prefabricated wall and trussed roof framing (plantation materials only) 
Weather wrap 
R1.3 foil (includes taping of joints and around window and external 
door frames) 
Weather seals Raven door seals as per standard specification 
Insulation 
Ceiling: R3.5 (recycled polyester batts) 
External walls: R2.0 (recycled polyester batts) 
Ventilation Venmar advanced ventilation system (heat recoverable) 
Flooring 
Ceramic floor tiles to entry (through to kitchen), kitchen, dining, living, 
linen and wet areas- natural fibre carpet to remaining areas 
 
4.4.6 Health and Well being 
During the design of the house, there was a strong emphasis on indoor air quality. 
Materials were selected in part on the basis of having low emissions. For example, 
water-based paints were selected over oil-based paints. The system chosen has a 
wide range of finishes, low emissions, does not use carcinogens or toxic materials, 
and has an energy efficient process. 
 
The kitchen joinery is constructed from low emission plantation timber veneer and 
whiteboard, reducing the presence of harmful air pollutants such as formaldehyde. 
The systems selected for bench tops (Corian) were based on the same reason. 
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A natural sisal carpet system was used and mechanically fixed, not only because it 
is a renewable material, but also to reduce the emissions from the floor covering 
and from glues used for installation. Tiles on concrete were also used to help 
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4.5 Blower Door Test Results  
Air Barrier Technologies (trading as ZeroDraft Australia) was employed for a 
blower door test of the Ecohome to determine its air leakage potential. Table 4-3 
presents the Blower Door Test results. Photographs in Figure E-3 (Appendix E) 
show setup. 
 
Table 4-3: Air Leakage Report of Cairnlea Ecohome 
Test conducted by Air Barrier Technologies (trading as ZeroDraft Australia) 
Date 03-05-2004 at 18:19 
Test Undertaken 8 point Blower Door Test 
Results The house test was found to be exchanging its volume of air 6.33 
times per hour (ACH) at a test pressure of 50 Pascals. 
 The corrected air flow per minute at 50 Pascals was 3159 cubic 
feet per minute (CFM50). 
Comments While the Air Changes per Hour (ACH50) figure of 6.33 represents a 
reasonably tightly constructed house, the volume of air exchange 
represented by CFM50 figure of 3159 means that this house could 
be tightened considerably before mechanical ventilation is required. 
The air exchange rate of 1500 CFM50 is considered to be the 
minimum air flow sufficient for a household of five people before 
mechanical ventilation is considered necessary. 
Observations During depressurisation, the main sources of air leakage detected 
with the use of a smoke pencil were found to be: 
 External door and window seals 
 Unsealed gaps between bottom plate and slab 
 Unsealed gaps in external to internal wall frame 
intersections which lead leakage through power point leaks 
 Exhaust fans 
 Cracks in stairs 
It was apparent that all of these leakage points emanated from 
construction related issues. 
Recommendations The house should be weatherised to lower the ACH as much as 
possible because the house is fitted with a ventilation system which 
is sized to deliver sufficient fresh air with no contributions from 
passive ventilation. 
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4.6 Instrumentation and Monitoring  
The Ecohome was instrumented with temperature and air quality sensors 
strategically positioned to monitor continuously. Locations of temperature sensors 
are shown in Figure 4-8. Ecohome data acquisition system consisted of 8 
temperature sensors and 3 air quality sensors connected to a data logger (DT500) 
and sensor readings were recorded every ten minutes. An in-house computer was 
used to record data which was collected time to time during visits by the research 
team. Real time temperature and air quality data was displayed by graphs to the 
visitors.   
 
Before the Ecohome was to be occupied by new residents, remote data logging 
was implemented (in September 2005) to collect data from RMIT University using 
a GSM modem. This was needed to avoid inconvenience to the residents. First 
stage baseline data (empty house) collection started in June 2004 and completed 
in October 2005. The second stage (occupied house) data included data during 
November 2005 – July 2006. Data collection was interrupted time to time but was 
restored back as soon as practicable. Sample temperature data and air quality 
data are presented in Tables 4-4 and 4-5 respectively. 
 
 
Figure 4-8: Location of temperature sensors in the Cairnlea Ecohome (left-ground 
floor, right- first floor). Note that layout is  Not to Scale. 
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Table 4-4: Ecohome Sample Data - Temperature (Deg C) 






















28/06/2004 15:00:00 15.38 22.57 21.7 17.94 18.28 20.06 19.33 23.11 
28/06/2004 15:10:00 15.49 22.88 21.5 18.08 18.34 20.11 19.43 23.32 
28/06/2004 15:20:00 15.33 22.95 21.1 17.96 18.41 20.15 19.55 23.13 
28/06/2004 15:30:00 15.68 23.07 21.5 18.4 18.55 20.61 19.94 23.07 
28/06/2004 15:40:00 15.78 23.18 21.4 18.59 18.86 21.11 20.37 23.36 
28/06/2004 15:50:00 16.08 23.26 21.3 18.81 19.11 21.69 20.79 23.46 
28/06/2004 16:00:00 16.05 23.47 21.6 18.89 19.32 22.15 21.23 23.73 
28/06/2004 16:10:00 16.03 23.67 21.8 19.18 19.58 22.63 21.71 23.95 
28/06/2004 16:20:00 15.72 23.9 22 19.13 19.69 22.8 21.9 24.13 
28/06/2004 16:30:00 15.33 24.05 21.7 18.47 19.57 22.9 21.83 24.06 
28/06/2004 16:40:00 15.06 24.17 21.8 19.05 19.47 22.89 21.92 24.15 
28/06/2004 16:50:00 14.74 24.27 22.1 19.56 19.52 22.86 21.85 24.39 
28/06/2004 17:00:00 14.54 24.28 22.1 19.7 19.63 22.92 21.87 24.52 
 
Table 4-5: Ecohome Sample Data - Air Quality 






















28/06/2004 14:50:00 30.53 18.04 67.91 1023 13.75 33.4 365.59 
28/06/2004 15:00:00 48.77 32.5 116.16 1339.7 26.69 31 493.17 
28/06/2004 15:10:00 48.23 32.11 106.78 1294 26.94 32.14 495.24 
28/06/2004 15:20:00 48.15 31.78 126.87 1283.4 27.32 31.43 482.4 
28/06/2004 15:30:00 47.77 31.16 289.01 1264.4 26.89 29.98 470.86 
28/06/2004 15:40:00 47.55 30.71 277.92 1243.2 27.03 27.46 460.31 
28/06/2004 15:50:00 46.94 30.44 318.75 1225.1 26.78 24.8 452.21 
28/06/2004 16:00:00 46.93 30.04 292.17 1227.3 26.27 22.7 444.64 
28/06/2004 16:10:00 46.86 29.67 242.45 1199.9 25.97 20.8 440.77 
28/06/2004 16:20:00 47.62 29.44 83.98 1198.3 25.76 19.19 438.29 
28/06/2004 16:30:00 48.17 29.32 35.12 1221.2 26.03 17.91 432.32 
28/06/2004 16:40:00 49.18 28.76 15.31 1199.8 25.79 16.82 429.12 
28/06/2004 16:50:00 50.13 28.56 6.96 1204.5 25.43 15.71 432.09 
28/06/2004 17:00:00 50.51 28.38 0.98 1189.8 25.25 14.8 430.43 
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4.7 MABEL Assessment  
MABEL (Mobile Architecture and Built Environment Laboratory) was employed for 
assessment of the internal environment of the Ecohome. The MABEL assessment 
was carried out over the period Monday, February 22 - Thursday February 25, 
2005. Following is the summary of the MABEL assessment. 
 
4.7.1 Light 
Background and task lighting were very satisfactory and effective for the lounge 
and activity areas, allowing the electric lighting systems not to be used throughout 
most of the day. There appeared to be minimum instances of glare. Spaces such 
as the Garage and bedroom areas were lacking daylight and did not even reach a 
2% daylight ratio. However, the users of such spaces may consider this adequate.  
 
4.7.2 Thermal Performance 
Thermal monitoring (Figure 4-9) covered a hot and cool period between (16 - 
34°C) which provided a good sample of weather conditions under which the 
building performs. Comfort was variable within this space. The radiant heat 
sources were from the east, north (shaded) and west (unshaded) facades. It 
appeared that natural ventilation (unconditioned) through the heat exchanger was 
not possible. Users must regulate natural ventilation for cooling opportunities on 
their own. 
 
The general findings were that the house responded quickly and effectively during 
this hot period to solar heating. As a result the interior air temperature increased 
abruptly. However, this passive heating was retained well (5-6 hours) due to the 
efficient building envelope. Furthermore, the house experienced this overheating 
due to the heat exchanger being operative during such a period, contributing to the 
retention of heat. A bypass system where cooler outside air is supplied directly to 
the house was needed. Natural ventilation by occupants in hot days could improve 
thermal performance. 
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18-26 C Comfort band
 
Figure 4-9: MABEL assessment: thermal performance. 
 
4.7.3 Thermal Comfort 
A mobile comfort cart was built to ASHRAE 55 standards to measure various 
thermal information of the internal space. This instrument measures temperature, 
relative humidity, mean radiant temperature and air velocity. The instrumentation 
was stationed at two locations (lower and upper floor). Figure 4-10 chart the 
comfort levels according to the ISO 7730 (international standard) over the 
indicated period. PMV (Predicted mean vote) is a measure of occupant comfort. 
Charted are two specific acceptable comfort bands. It is not totally correct to make 
a comparison to the air temperature ranges (alone) of these bands as comfort is 
related to several different variables. 
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Figure 4-10: MABEL assessment: thermal comfort. 
 
4.7.4 Ventilation 
Several tests indicated high levels of CO2 build up due to closed windows and a 
lack of fresh (ventilation) outside air. The air change rate of spaces was 
substantially increased with the heat exchanger in operation, resulting in lower 
CO2 levels. Ventilation rates without the operation of the heat exchanger, as taken 
in the living area, indicated a relatively tight house. These findings were somewhat 
different to the blower door tests (taken 9 months before) which recommended 
further tightening of the house as it was fitted with mechanical ventilation (see 
section 4.5). Ventilation rates in the roof space ranged between 2.0 – 9.0 ACH.  
 
4.7.5 Sound 
Background noise was within expected levels for this environment 99% of the 
time. The external envelope acoustic rating within the living room area appeared to 
be poor to average. However, low background noise levels were recorded during 
sound transmission testing over an observed 24 hour period, indicating that the 
problem with sound intrusion was not serious. The reverberant level for the living 
area was approaching a barely acceptable range and could affect speech 
intelligibility. 
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4.8 Thermal Performance of the Ecohome 
Thermal performance can be assessed qualitatively or quantitatively. This section 
is intended to document monitoring results of temperature qualitatively through 
graphs. Similar approach was reported in regard to the ETC building in Perth in 
Western Australia (Anders 2003). Melbourne climate characteristics (temperature 
only) in Figure 4-11 show mean minimum and mean maximum temperatures for 
each month. 








Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec












Mean Max Temp (Deg C) Mean Min Temp (Deg C)
 
Figure 4-11: Climate Statistics (Melbourne Regional Office); Courtesy of Bureau of 
Meteorology, Australian Government. 
 
Monitoring of the Ecohome started late June 2004. At the beginning of monitoring, 
thermostat controlled heating system was “ON” and therefore data were not useful 
for thermal performance assessment. As shown in Figure 4-12, artificial heating 
was turned OFF from 13 September 2004 and data onwards are presented to 
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4.8.1 September 2004 
The temperature curves in Figure 4-12 shows two things: the effectiveness of the 
heating system and the elevated temperatures inside the house compared to the 
outside temperatures. The Ecohome inside temperature was at least 5-7 degrees 
C warmer than the outside temperature. In particular upper floor temperature was 
slightly higher than lower floor temperature. This is mainly due to the stacking 
effect, upper floor lower thermal mass and heat gain through the roof. 
 
Figure 4-12 also shows artificial heating is ‘ON’ during 1st -13th September. Most of 
the time indoor temperatures remained in comfort zone (13-30th September) 
without artificial heating.  
 
Data analysis shows (14-30 September): 
 Outside temperature:  Mean daily minimum = 10.1 deg C  
    Mean daily maximum = 19.2 deg C 
 Indoor average temp:  Mean daily minimum = 17.3 deg C  
    Mean daily maximum = 21.9 deg C.  
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4.8.2 October 2004 
There was large variation of outside temperature (4.8-33.6 deg C). Indoor average 
temperature variation was also large (14.6-31.2 deg C). Important to notice is that 
on 11th and 12th October outside temperatures exceeded 30 deg C and 
corresponding indoor average temperatures also somewhat reached a similar 
temperature. This means there is a quick response of indoor temperature to 
outside temperature. This is due to light structural frame of the Ecohome resulting 
in low thermal mass. Generally in October, the inside temperatures largely 
remained in the comfort band. 
 
Data analysis shows (October 2004): 
 Outside temperature:  Mean daily minimum = 10.6 deg C  
    Mean daily maximum = 21.5 deg C 
 Indoor average temp:  Mean daily minimum = 18.0 deg C  
    Mean daily maximum = 24.1 deg C.  
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4.8.3 November 2004 
November belongs to and the last month of spring season. Similar to September 
and October, there is a large variation of outside temperature (7.2 deg C - 37.6 
deg C) while a smaller variation of indoor temperature (15.0 deg C - 34.1 deg C) 
(Figure 4-14). The hottest day was on 26th when the temperature soared to 37.6 
deg C and the indoor average temperature was only slightly cooler at 34.1 deg C. 
 
Data analysis shows (November 2004): 
 Outside temperature:  Mean daily minimum = 12.4 deg C  
    Mean daily maximum = 22.7 deg C 
 Indoor average temp:  Mean daily minimum = 19.9 deg C  
    Mean daily maximum = 25.1 deg C.  
 
Generally the indoor temperatures remained within comfort zone except the last 
few hot days (26-30th).  
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4.8.4 December 2004 
December belongs to and the first month of summer season. Some of the days (6 
days in total) outside temperatures exceeded 30 deg C resulting in similar indoor 
temperatures (Figure 4-15). During December 2004, the outside temperature 
ranged between 9.0 - 38.8 deg C while the indoor average temperature ranged 
between 16.1 - 33.1 deg C. Still majority of the time the indoor average 
temperatures remained in the comfort zone. 
 
Data analysis shows (December 2004): 
 Outside temperature:  Mean daily minimum = 13.6 deg C  
    Mean daily maximum = 25.6 deg C 
 Indoor average temp:  Mean daily minimum = 21.3 deg C  
    Mean daily maximum = 27.4 deg C.  
 
It is noted that indoor temperature is usually higher than the outdoor temperature. 
This is due to the solar gain and retention of heat similar to a green house. A 
green house is able retain heat received from direct sunlight and is warmer than 
outside ambient temperature. 
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Figure 4-15: Temperature curves of the Ecohome, December 2004 
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4.8.5 January 2005 
January belongs to summer season and usually is the hottest month. There were 
9 days in total when outside temperature exceeded 30 deg C (Figure 4-16). During 
this month, the outside temperatures ranged between 10.2 - 38.7 deg C while the 
indoor average temperatures ranged between 18.4 - 35.6 deg C.  
 
Data analysis shows (January 2005): 
 Outside temperature:  Mean daily minimum = 15.4 deg C  
    Mean daily maximum = 27.2 deg C 
 Indoor average temp:  Mean daily minimum = 23.3 deg C  
    Mean daily maximum = 29.2 deg C.  
 
About half of the time the average indoor temperature remained in the comfort 
zone. Remaining time would require artificial cooling. 
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4.8.6 February 2005 
February belongs to and is the last month of summer season. There were 7 days 
in total when outside temperature exceeded 30 deg C (Figure 4-17). During this 
period, outside temperature variation was large (10.5 deg C - 37.0 deg C) which is 
typical in a summer month. Corresponding indoor average temperature variation 
was 17.9 - 32.7 deg C. Other than those hot days, the inside temperature mostly 
stayed in the comfort zone. 
 
Data analysis shows (February 2005): 
 Outside temperature:  Mean daily minimum = 14.1 deg C  
    Mean daily maximum = 24.8 deg C 
 Indoor average temp:  Mean daily minimum = 21.9 deg C  
    Mean daily maximum = 27.8 deg C.  
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4.8.7 March 2005 
March is the start of autumn season in Melbourne. Figure 4-18 presents 
temperature curves of the Ecohome. A less number of hot days (temperature 
exceeding 30 deg C) during this month (5 days in total) were observed compared 
to the previous month. Outside temperature ranged between 5.8 - 38.3 deg C 
while the indoor average temperature ranged between 15.5 - 34.2 deg C. Except 
for those hot days, indoor average temperature generally remained in the comfort 
zone. 
 
Data analysis shows (March 2005): 
 Outside temperature:  Mean daily minimum = 13.0 deg C  
    Mean daily maximum = 24.1 deg C 
 Indoor average temp:  Mean daily minimum = 20.4 deg C  
    Mean daily maximum = 26.4 deg C.  





























































































































































































Outside Air Temp (Deg C) Upstairs Temp (Deg C) Kitchen Air Temp (Deg C) Entry Air Temp (Deg C)
Master Bed Temp (Deg C) Family Air Temp (Deg C) Bed 4 Air Temp (Deg C) Living Temp (Deg C)
Comfort band 18-26 deg C
 






CHAPTER 4 THE CAIRNLEA ECOHOME: SUSTAINABILITY OUTCOMES  
4-30  SYED RAHMAN 
 
4.8.8 April 2005 
April belongs to autumn season in Melbourne. Outside temperature continues to 
drop since summer months. Figure 4-19 presents temperature data for this month. 
First half of the month experienced some hot days (5 days in total) and then the 
temperature mostly stayed in the comfort zone which is typical in autumn. During 
this month, outside temperatures ranged between 7.2 - 34.8 deg C while indoor 
average temperatures ranged between 17.0 - 32.9 deg C. April 2005 was the most 
comfortable month in the entire monitoring period. 
 
Data analysis shows (April 2005): 
 Outside temperature:  Mean daily minimum = 13.0 deg C  
    Mean daily maximum = 24.6 deg C 
 Indoor average temp:  Mean daily minimum = 20.5 deg C  
    Mean daily maximum = 26.5 deg C.  
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4.8.9 May 2005 
May is the last month of autumn season. Figure 4-20 presents partial data (1-15th) 
collected during this month. Data acquisition system malfunctioned from 16th and 
could not be restored back until end of July 2005. Available data show that outside 
temperature varied between 4.1 - 24.3 deg C while indoor average temperature 
ranged between 14.7 - 25.1 deg C. Thermal comfort was achieved most of the 
time with some cold days (2nd, 8-10th,14th)  being uncomfortable. 
 
Data analysis shows (1-15th May 2005): 
 Outside temperature:  Mean daily minimum = 9.5 deg C  
    Mean daily maximum = 19.7 deg C 
 Indoor average temp:  Mean daily minimum = 17.1 deg C  
    Mean daily maximum = 22.2 deg C.  
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4.8.10 July 2005 
July belongs to winter season and is the coldest month in a year. Unfortunately 
only partial data is available (25th -31st) which is presented in Figure 4-21. There 
was much lower variation in outside temperature (7.5-19.6 deg C) and also lower 
variation in average indoor temperature (13.8-20.5 deg C). Most of the time indoor 
temperatures remained outside the comfort zone and therefore significant artificial 
heating would be required. However, upstairs and living room temperatures are 
mostly in the comfort zone. Therefore, residents may utilize these warmer spaces 
to avoid or reduce artificial heating. 
 
Data analysis shows (25th -31st July 2005): 
 Outside temperature:  Mean daily minimum = 9.9 deg C  
    Mean daily maximum = 17.6 deg C 
 Indoor average temp:  Mean daily minimum = 14.7 deg C  
    Mean daily maximum = 19.2 deg C.  
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4.8.11 August 2005 
August belongs to and is the last month of winter. Figure 4-22 presents the 
temperature curves during this month. There were a number of very cold days 
(temperature dropping below 5 deg C). Outside temperature ranged between 2.8 - 
22.1 deg C while indoor average temperature ranged between 9.6 - 23.4 deg C.  
 
Data analysis shows (August 2005): 
 Outside temperature:  Mean daily minimum = 8.2 deg C  
    Mean daily maximum = 16.4 deg C 
 Indoor average temp:  Mean daily minimum = 13.4 deg C  
    Mean daily maximum = 18.1 deg C.  
 
August was the only winter month for which entire monitoring data could be 
collected. Moreover, performance during winter is of particular interest as space 
heating demand is greatest during this time of the year. Therefore, this month's 
monitoring outcome is very important. 
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4.8.12 September 2005 
September is the first month of spring season. September 2004 temperature 
curves have been presented before. September 2005 was slightly (1.5 deg C) 
cooler than September 2004. This resulted in significant lower comfort in 
September 2005. Majority of the time indoor temperature curves (particularly 
upstairs and living room temperatures) remained outside the comfort band (Figure 
4-23). This would require significant heating but lower than previous month. 
 
Outside temperature ranged between 3.9 - 24.5 deg C while indoor average 
temperature ranged between 11.5 - 24.9 deg C. 
 
Data analysis shows (1st -22nd September 2005): 
 Outside temperature:  Mean daily minimum = 8.6 deg C  
    Mean daily maximum = 18.5 deg C 
 Indoor average temp:  Mean daily minimum = 14.2 deg C  
    Mean daily maximum = 19.8 deg C.  
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4.8.13 October 2005 
October belongs to spring season. Figure 4-24 presents temperature curves 
during this month. Generally performance was very good as most of the time 
indoor temperatures remained in the comfort band. Outside temperatures varied 
between 6.0 - 26.2 deg C while the indoor average temperatures varied between 
14.5 - 27.3 deg C. 
 
Data analysis shows (4th -31st October 2005): 
 Outside temperature:  Mean daily minimum = 11.5 deg C  
    Mean daily maximum = 21.5 deg C 
 Indoor average temp:  Mean daily minimum = 17.7 deg C  
    Mean daily maximum = 23.0 deg C.  
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4.8.14 November 2005 
November is the last month of spring season. Figure 4-25 presents temperatures 
curves of November 2005. There were a number of hot days (5 days in total). 
Other than these days, most of the time thermal comfort was achieved.  
 
Outside temperatures ranged between 13.2 - 24.5 deg C while the indoor 
temperatures varied between 20.8 - 26.5 deg C. 
 
Data analysis shows (November 2005): 
 Outside temperature:  Mean daily minimum = 13.2 deg C  
    Mean daily maximum = 24.5 deg C 
 Indoor average temp:  Mean daily minimum = 20.8 deg C  
    Mean daily maximum = 26.5 deg C.  
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4.9 Sustainability Outcome: Air Quality of the Ecohome 
 
Air quality of the Ecohome was extensively monitored. Air quality curves are 
presented in the appendix in Figures A-1 through A-21. Most of the monitoring 
period, the Ecohome was effectively sealed (display home with occasional 
visitors). Therefore air quality did not change much. When the residents moved in 
early November 2005, the air quality data became important. Nevertheless, air 
quality curves from sealed house were also important as it provided baseline 
information to compare with. Two sample curves are presented in Figures 4-26 
and 4-27 to indicate the air quality of the Ecohome in occupied and sealed 
conditions. 
 
The humidity level within the home generally was maintained between 35-45% 
while there was large variation in humidity outside (Figures 4-26 & 4-27). This 
indicated a tight house and improved air quality in the house. The humidity level in 
the house was within comfortable zone.  
 
Carbon dioxide (CO2) concentration is another indicator of air quality. The main 
sources of CO2 are gas burners in the kitchen and the people and pets dwelling in 
the house. There was a diurnal pattern of CO2 buildup as expected during 5-7 pm 
in the living area (ground floor) and upstairs which attenuated over the night 
(Figure 4-27). It is to be noted that the upstairs CO2 buildup was unusually high 
reaching up to 2800 ppm much of the time. Also note that at sealed house CO2 
concentration at upstairs was nearly double than that of living area (Figure 4-26a). 
There is no reason for this large variation as the house was empty. Therefore it is 
likely to be a calibration fault. Therefore, air quality in the Ecohome was at a 
healthy state. 
 
CO2 is harmless by itself but indicates a general condition of indoor air quality. 
Atmospheric CO2 concentration is about 380 ppm and American Society of 
Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) recommends 
that CO2 levels not exceed 700 ppm above outdoor ambient levels (or 1080 ppm).  
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Figure 4-26a: Air quality (CO2) of the Ecohome, September 2004 (sealed house) 
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Figure 4-26b: Air quality (humidity) of the Ecohome, September 2004 (sealed 
house) 
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Figure 4-27a: Air quality (CO2) of the Ecohome, December 2005 (occupied) 
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Figure 4-27b: Air quality (humidity) of the Ecohome, December 2005 (occupied) 
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4.10 Sustainability Outcome: Energy and Water Savings 
 
The energy and water savings of the Ecohome is demonstrated in the following 
table (Table 4-6). At the Ecohome, about one year utility bills (Nov 2005 - Oct 
2006) show that 45% savings in water usage and 30% savings in electricity usage 
were realized. It has to be noted that on average five persons (three adults and 
two children) live in the Ecohome while average household size in Melbourne is 
about 2.5 (ABS 2007). The utility bills were collected from the residents during 
periodic interviews (Tables D-1, D-2 and D-3 in Appendix D). The interviews were 
subject to ethical protocol of RMIT University. Only two adults were interviewed 
and participation was voluntary. 
 
Table 4-6: Ecohome energy and water usage  
 Cairnlea Ecohome Average Melbourne home 
Water usage (litres/person/day) 142  262 (URS 2007) 
Electricity usage 
(kWh/person/year) 
1791 2600 (AIUS 2007) 
Gas usage (GJ/person/year) 23.4 24.0 (ESC 2007) 
 
Energy and water usage by occupants are highly dependent on their usage 
pattern and the level of environmental awareness. The following statement is 
noteworthy: 
"No matter how energy efficient the design and appliances 
are, total energy use still depends on user patterns and 
behaviour" (AGO 2002). 
 
Particular to note is gas usage which is close to Melbourne average. There were 
two elderly persons living in the house all the time. Therefore space heating was 
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4.10.1 Electricity Usage 
Daily electricity usage (Figure 4-28) at the Ecohome shows steady usage 
throughout the year except the first billing period. This makes sense because the 
residents moved into the house at early November 2005 and during first few 
months electrical appliances in the house were not running in full capacity. 
Electricity usage in the Ecohome was 23.6 kWh per day during the study period. 
Details of individual bills are presented in table D-1 in Appendix D. 
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4.10.2 Gas Usage 
Unlike electricity usage, gas usage (Figure 4-29) in the Ecohome was highly 
dependant on season. Gas was used as energy source for space heating, cooking 
and solar hot water system. While cooking and hot water needs do not depend 
largely on season; space heating need is highly dependant on season. During 
winter period (June to August) gas usage was highest and in summer (December 
to February) was the lowest. Gas usage during autumn and spring season is also 
very high. Average daily gas usage in the Ecohome during study period was 248 
MJ (megajoules). More details of gas usage are presented in table D-2 in 
Appendix D. 
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4.10.3 Water Usage 
Water usage in the Ecohome (Figure 4-30) shows that there is a seasonal 
variation of daily usage. Generally winter water usage is lower than summer 
usage. The first three billing periods represents one standard billing period 
(quarterly water bills) only. Average daily water usage of the Ecohome during 
monitoring period was 714 litres. Additional details of water bills are presented in 
table D-3 in Appendix D. 









9 Nov 2005 - 30
Nov 2005
1 Dec 2005 - 7
Dec 2005
8 Dec 2005 - 21
Feb 2006
22 Feb 2006 - 24
May 2006
25 May 2006 - 23
Aug 2006
24 Aug 2006 - 21
Nov 2006
22 Nov 2006 - 20
Feb 2007


















Average Daily water usage = 714 litres
(Average of 562 days)
 
Figure 4-30: Water usage in the Cairnlea Ecohome 
 
 
4.10.4 General Comments on Usage Data: 
 Gas usage: nearly double the consumption on a household basis (117 GJ 
compared to 60 GJ) but comparable on per capita basis (23.4 GJ compared 
to 24.0 GJ). 
 Electricity usage: higher usage on household basis (8956 kWh compared to 
6500 kWh) but lower consumption on per capita basis ( 1791 kWh 
compared to 2600 kWh) 
 Water usage: higher usage on household basis (260.9 kL compared to 240 
kL) but much lower usage on per capita basis ( 52 kL compared to 95.6 kL) 
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 It is to be noted that average 5 persons live in the Ecohome while average 
household size in Victoria is 2.5. 
 Electricity usage does not vary much over winter/summer season. After 
initial set up the residents are using 25 kWh per day at a fairly constant 
rate. 
 Gas usage and water usage largely vary with change of season. Gas is 
used for space heating and water heating.  Higher gas usage mainly due to 
higher floor area of the Ecohome (280 m2). 
 Solar PV system (450Wp) should produce about 500 kWh (see Figure D-1 
in appendix D) which was not in the bill. Therefore total usage = 8956+500 
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4.11 Sustainability Outcome: Residents' feedback 
 
A major outcome of this research is the residents’ satisfaction with most of the 
eco-features in the Ecohome. Several interviews were conducted with the 
residents to find out how they feel in the house and how well the features are 
contributing towards sustainability. Table 4-7 summaries the interview outcomes. 
Additional interview information is attached in appendix D. Similar social research 
was conducted in Queensland (Buys et al 2004; Buys et al 2005). 
 
Table 4-7: Summary of residents’ response on Ecohome features 
Ecohome feature Residents’ response 
Rainwater tank Very positive 
Solar hot water unit Very positive 
Recycling chutes Positive 
Hydronic heating Positive 
Solar PV panels Positive 
AAA rated water fixtures Positive 
Compost bin Positive 
Grey water recycling Positive 
Sisal carpet Negative 
Venmar ventilation* Negative 
*Apparently the system did not work properly 
 
It is to be noted that the residents are newly arrived migrants from the United 
Kingdom and they bought the property out of necessity rather than due to its 
environmental features. The residents’ have rated them ‘average to green’ in 
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Ecohome at Cairnlea and its “off the shelf” sustainable features are discussed. 
Ecohome generally achieved its sustainability outcomes as demonstrated in 
thermal performance, energy and water usage and residents feedback. Further 
discussions presented in chapter 7 “Discussion and Conclusions”. 
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CHAPTER 5 
The Cairnlea Ecohome:  Thermal Performance 
 
5.1 Introduction 
Thermal performance is a key to overall performance of a sustainable home. It is 
related to energy efficiency of the building fabric. A great portion of the heat loss 
(or heat gain) occurs through the building fabric and space heating accounts for up 
to 30-40% of the total energy demand of a house in Victoria. Therefore energy 
efficient thermal design of a building is a key to reducing overall energy demand of 
a house.  
How good or bad is the thermal performance of a house needs to be measured or 
quantified so that comparison can be made. It is not enough to say the 
performance is 'good' or 'better' or 'worse'. Particularly from a regulatory point of 
view, performance should be measurable. In this chapter, it was endeavoured to 
establish some key indicators to quantitatively measure the performance of a 
home when temperature monitoring data are available. Later using these 
indicators thermal performance of the Cairnlea Ecohome was assessed. 
One of the limitations of this study was that monitoring was performed on a single 
house and therefore, comparison was not possible. It would have been better if a 
control house also could be monitored. Nevertheless, this is an emerging field and 
a future researcher undertaking similar monitoring would be able to compare with 
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5.2 Thermal Performance indicators 
There is limited literature available on how to measure thermal performance of a 
residential building. Basso and Caram (2004) used the term "thermal delay" and 
"amplitude decrement" to evaluate thermal comfort conditions. These two terms 
are referred to as "time lag" and "attenuation factor" in this thesis. However, the 
above authors used the concept of 'peak time lag' only whereas in this thesis, 
peak and nadir time lag are introduced and the average of them is termed as "time 
lag". 
Thomas et al (2006) mentioned three thermal comfort indicators including "mean 
shift", "decrement factor" and "time lag". Although named differently, "mean shift" 
essentially means "degree C warmer" used in this thesis. They also presented an 
analytical expression of each indicator considering a single wall thermal system. 
Oikonomou (2005) reported thermal comfort as "% time of discomfort" using a 
comfort band of 18-26 deg C. This author also compared "indoor and outdoor 
temperature fluctuation" which is a similar concept of "attenuation factor". 
Sugo et al (2004) studied thermal performance of cavity brick and brick veneer 
construction (residential). In reporting thermal performance they looked at time lag 
and external and internal temperature swings. Although they did not give a name, 
essentially they used the concept of "attenuation factor". 
Willrath (1998) compared thermal performance of a free running and a conditioned 
house in Brisbane climate and used "degree hours of discomfort" which is 
conceptually the same as "heating and cooling need (degree.hour)" used in this 
thesis. 
Zain et al (2007) mentioned two terms "decrement factor" and "time lag" in relation 
to thermal comfort but did not use them for evaluation of thermal comfort. 
A basic approach would be to characterize and correlate the indoor and outdoor 
temperature curves. For example, due to insulation (insulation is used here in a 
broader sense; any external wall or ceiling material has some insulation effect 
even though insulation products not used) in external walls and ceilings, indoor 
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temperature variation (swing) is generally lower than the outside temperature 
variation. The ratio of these temperature swings can be a good indicator of thermal 
performance. Rosenlund (2000) discussed this concept and termed it as 
Attenuation factor.  
Another obvious characteristic of monitoring curves is that the inside temperature 
curve always follow the outside temperature curve and there is a time lag between 
the curves. Outside temperature may be thought of as a "cause" and inside 
temperature curves as the "effect". This lag in time may be termed as Time lag 
and is a useful concept. 
Both attenuation factor and time lag are independent of occupant comfort and may 
be universally applicable to any location. In the following sections some indicators 
related to occupant comfort are discussed. 
A simple way of expressing thermal performance is percentage of time the indoor 
mean temperature stays within a comfortable temperature band (Rahman et al 
2007; Luther 2005). The definition of 'comfort zone' may vary. For residential 
occupancy, a temperature band of 18-26 deg C may be considered adequate. It 
must be recognised here that occupants comfort is dependent not only on air 
temperature but also on a number of factors such as humidity, air movement, 
clothing level, activity and radiant temperature. For the purpose of thermal 
performance of residential buildings, these factors may be considered constant 
and air temperature be singled out as a variable. 
In a cool temperate climatic region such as Melbourne, another way thermal 
performance may be expressed is to look at the elevation of the indoor 
temperature compared to the outdoor temperature and can be termed as ‘Degree 
warmer’. In a hot climatic region (eg Brisbane), the reverse is true. Degree cooler 
expresses how much cooler the indoor temperature compared to the outdoor 
temperature. In the following sections these concepts are discussed in detail. 
5.2.1 Attenuation Factor (AF)  
The concept of attenuation factor (AF) is explained in the following diagram 
(Figure 5-1). Essentially it indicates the flatness of indoor temperature curve 
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relative to outdoor temperature curve. It can be defined as the ratio of variation of 
indoor temperature to the variation of outdoor temperature in a particular day. 
Then this can be averaged for a period of a week, a month, a season or any 
monitoring period. The lower the attenuation factor, the better the performance. AF 
value of 0 suggests a constant indoor temperature (perfectly insulated house). AF 
value of 1.0 suggests zero effectiveness of building fabric. AF value of 0.5 means 
indoor temperature variation is only half the variation in the outside temperature.  
 
Figure 5-1: Schematic diagram: Attenuation Factor 
5.2.2 Time Lag  
Time lag is a simple concept related to thermal performance. Usually inside 
temperature curve follows the outside temperature curve (cause and effect-outside 
temperature being the cause and inside temperature being the effect). Therefore, 
there is a time lag between the two curves (Figure 5-2). In a well insulated building 
time lag is longer than in a poorly insulated building. Therefore, it is a simple but 
effective indicator of thermal performance. Time lag is clearly identifiable when the 
curve changes direction (increasing or decreasing) i.e at the maximum 
temperature (peak) and at the minimum temperature (nadir). Peak and nadir time 
lag are averaged to determine time lag in a day.  
 
Time of the day (hours) 
Temperature 
(Deg C) 
∆T = outside temp variation 
∆t = inside temp variation 
Attenuation Factor = ∆t/∆T 
Outside temperature curve 
Inside temperature curve 
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Figure 5-2: Schematic diagram: Time lag 
5.2.3 Time in Comfort Zone  
A generic procedure is to look at the outside and inside temperatures of a building 
and compare those in regard to a comfort zone e.g. the percentage of time the 
indoor and outdoor temperatures stay in a comfortable temperature range.  The 
definition of the comfort zone varies to some extent. The author adopted a rigid 
approach where a fixed temperature band of 18-26 deg C was taken as the 
comfort zone. Although a slightly flexible approach of using 18-24 deg C in winter 
and 20-26 deg C in summer may be adopted to acknowledge the difference in 
perception of comfort in hot and cold periods. In Melbourne, spring and autumn 
comfort zone may also be considered to be 18-24 deg C as Melbourne belongs to 
a cool temperate region.  
5.2.4 Other Indicators  
The following are some indicators that have been used by some authors:  
(a) Degree warmer or degree cooler  
(b) Heating and cooling degree-hours for a particular period (month, year) when 
hourly temperature data is available.  
Time of the day (hours) 
Temperature 
(Deg C) 
Peak time lag 
Nadir time lag 
Outside temperature curve 
Inside temperature curve 
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 (c) Heating or cooling degree days (HDD, CDD) when daily mean temperature is 
known  
In a cool temperate climatic region such as Melbourne, it is desirable to have a 
higher temperature inside than outside. Therefore thermal performance can be 
expressed as how much warmer is the indoor temperature relative to outdoor 
temperature in degrees Centigrade.  
It is also useful to quantify the heating or cooling requirements in degree-hours for 
a particular period or for an annual cycle if data are available. It is assumed that 
heating is required when inside temperature falls below 18 deg C and cooling is 
required when the same exceeds 26 deg C.  
Heating or cooling degree days (HDD or CDD) are used by meteorologists to 
characterise the climate of a place (BOM 2007). The same concept may be used 
to characterise the indoor climate of a building. HDD and CDD are based on daily 
temperature and indicate the level of comfort. The daily values of HDD and CDD 
are summed for a period of month or year. This indicator uses a temperature base 
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5.3 Thermal Performance of the Ecohome: Attenuation Factor 
This section is intended to document thermal performance of the Ecohome using a 
key performance indicator- attenuation factor. Daily values are presented in tables 
which also record daily minimum and maximum outside temperatures and daily 
minimum and maximum indoor average temperatures. Maximum and minimum 
values are derived from monitored temperature data. The reason to include 
minimum and maximum temperature values is that these values are used to 
determine the daily temperature variation (swing) of outside and indoor 
temperatures. As explained before, the ratio of variation of indoor temperature to 
variation of outside temperature is called attenuation factor. Analysis is presented 
for each month as have been done before to maintain consistency of reporting. 
However, for improved readability partial data are included in the text, generally 





















CHAPTER 5  THE CAIRNLEA ECOHOME: THERMAL PERFORMANCE  
5-8  SYED RAHMAN 
5.3.1 September 2004 
Table 5-1 below and Table B-1 in Appendix B present daily values of attenuation 
factor for this month. There is a large variation within daily values (0.2358 - 
0.7478). Therefore this indicator is not suitable for short term monitoring. 
Attenuation factor for this month was 0.5115 based on 17 days data (14th -30th). In 
the remaining days, artificial heating was used and therefore excluded. 
Table 5-1: Attenuation factors in September 2004 (sample period) 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
16/09/2004 9.59 15.56 15.94 18.46 0.4214 
17/09/2004 7.25 18.27 15.34 21.63 0.5710 
18/09/2004 10.08 16.31 16.99 21.65 0.7478 
19/09/2004 6.84 16.52 17.25 22.09 0.5009 
20/09/2004 7.61 24.45 17.01 26.03 0.5356 
21/09/2004 12.98 25.41 18.20 26.79 0.6910 
22/09/2004 14.01 24.88 20.24 22.81 0.2358 
23/09/2004 10.63 16.3 18.68 20.88 0.3873 
24/09/2004 12.03 17.68 17.85 20.23 0.4217 
25/09/2004 12.37 19.08 18.16 22.90 0.7064 
26/09/2004 12.68 23.68 17.80 23.56 0.5235 
27/09/2004 8.75 20.25 18.13 21.64 0.3050 
28/09/2004 7.77 21.41 16.08 20.73 0.3407 
29/09/2004 9.03 17.78 17.35 21.72 0.4994 
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5.3.2 October 2004 
Table 5-2 below and Table B-2 in Appendix B present the AF values for the month 
of October 2004. Similar to previous month, there is a large variation in daily 
values (0.2705 - 0.9850). AF for the entire month was 0.5690, a comparable value 
achieved in the previous month.  
Interesting to note that on 29th AF value over unity (1.0040) was calculated. By 
definition, a free running house without any thermal resistance may achieve AF 
value of 1.0. Ecohome is not a free running house. It was observed that generally 
when outside temperature variation is small (less than 5 deg C), AF value over 
unity may occur. Unless these cases are removed from averaging, distortion to AF 
may occur. Therefore AF over unity should be considered as 'outlier' and excluded 
from averaging.  
Table 5-2: Attenuation factors in October 2004 (sample period) 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
01/10/2004 8.08 20 15.56 22.65 0.5953 
02/10/2004 8.63 20.85 16.50 23.57 0.5782 
03/10/2004 11.31 17.56 18.34 21.10 0.4423 
04/10/2004 11.95 19.71 17.10 22.16 0.6519 
05/10/2004 10.3 19.97 17.18 22.79 0.5806 
06/10/2004 12.6 23.38 18.33 26.22 0.7318 
07/10/2004 11.63 19.69 17.51 22.04 0.5615 
08/10/2004 9.84 17.52 15.68 19.85 0.5432 
09/10/2004 10.55 17.51 16.59 21.45 0.6991 
10/10/2004 7.64 28.06 15.59 25.81 0.5006 
11/10/2004 16.55 30.25 19.98 27.89 0.5776 
12/10/2004 12.73 33.61 20.85 31.24 0.4973 
13/10/2004 14.23 28.38 22.49 28.01 0.3902 
14/10/2004 10.53 18.28 19.39 22.79 0.4383 
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5.3.3 November 2004 
Table 5-3 below and Table B-3 in Appendix B present AF values for November 
2004. As observed generally, there is a large variation in daily values (0.2325 - 
0.9433) in this month. Mean monthly value (0.5221) is very consistent with 
previous months. There was no outlier. 
Table 5-3: Attenuation factors in November 2004 (sample period) 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
01/11/2004 13.94 24.73 22.77 25.68 0.2702 
02/11/2004 9.32 21.67 17.28 23.36 0.4921 
03/11/2004 7.32 16.56 15.03 20.60 0.6025 
04/11/2004 7.24 18.86 15.83 19.22 0.2921 
05/11/2004 12.43 18.15 17.65 20.60 0.5152 
06/11/2004 11.88 15.35 17.18 18.84 0.4772 
07/11/2004 10.73 16.49 16.06 19.13 0.5332 
08/11/2004 10.73 16.81 15.81 20.20 0.7232 
09/11/2004 12.7 19.8 17.58 24.28 0.9433 
10/11/2004 11.04 26.79 19.13 27.12 0.5069 
11/11/2004 13.93 21.5 20.99 25.08 0.5405 
12/11/2004 11.63 25.07 19.17 26.48 0.5435 
13/11/2004 10.19 17.74 19.74 22.32 0.3425 
14/11/2004 12.94 21.42 18.88 23.76 0.5758 
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5.3.4 December 2004 
Table 5-4 below and Table B-4 in Appendix B present AF values for December 
2004. As observed generally, there is a large variation (0.3648 - 0.9167) of AF 
though slightly less than previous months. Mean monthly value (0.5337) is very 
consistent with previous months. There was no outlier. 
Table 5-4: Attenuation factors in December 2004 (sample period) 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
01/12/2004 11.69 20.47 21.66 26.38 0.5384 
02/12/2004 9.85 17.37 19.31 22.16 0.3797 
03/12/2004 9.25 20.5 18.21 24.89 0.5937 
04/12/2004 12.51 29.99 20.11 28.59 0.4850 
05/12/2004 12.85 27.54 22.44 29.76 0.4984 
06/12/2004 14.24 33.58 23.04 30.41 0.3809 
07/12/2004 17.84 25.06 24.44 28.12 0.5101 
08/12/2004 17.44 22.51 23.10 25.21 0.4176 
09/12/2004 17.97 27.99 23.11 27.12 0.3996 
10/12/2004 17.47 30.8 23.30 29.02 0.4289 
11/12/2004 17.94 29.08 23.37 29.91 0.5869 
12/12/2004 17.99 29.74 24.57 29.68 0.4347 
13/12/2004 16.51 19.82 22.01 25.05 0.9167 
14/12/2004 13.35 20.27 20.34 23.32 0.4296 









CHAPTER 5  THE CAIRNLEA ECOHOME: THERMAL PERFORMANCE  
5-12  SYED RAHMAN 
5.3.5 January 2005 
Table 5-5 below and Table B-5 in Appendix B present AF values for January 2005. 
As observed generally, there is a large variation (0.3465 - 0.9100) of AF in this 
month. Mean monthly value (0.5220) is very consistent with previous months. 
There was an outlier on 29th and is excluded from averaging. On that day outside 
variation of temperature was low (4.05 deg C). 
Table 5-5: Attenuation factors in January 2005 (sample period) 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
01/01/2005 15.45 21.64 23.11 28.75 0.9100 
02/01/2005 11.54 20.23 20.35 25.79 0.6260 
03/01/2005 10.25 26.6 20.30 26.83 0.3999 
04/01/2005 16.92 24.97 22.95 26.10 0.3917 
05/01/2005 15.38 22.45 22.17 25.21 0.4300 
06/01/2005 11.66 20.22 20.33 23.41 0.3598 
07/01/2005 10.17 18.81 18.42 22.05 0.4208 
08/01/2005 14.19 21.69 19.24 25.54 0.8392 
09/01/2005 12.74 26.76 20.60 27.96 0.5256 
10/01/2005 13.79 31.13 22.24 31.23 0.5185 
11/01/2005 20.41 38.74 25.19 33.77 0.4682 
12/01/2005 18.09 28.89 27.30 31.61 0.3993 
13/01/2005 14.38 36.34 24.50 33.79 0.4229 
14/01/2005 15.92 30.51 26.16 31.39 0.3583 
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5.3.6 February 2005 
Table 5-6 below and Table B-6 in Appendix B present AF values for this month. 
Similar to previous months, there is a large variation of AF values (0.2946 - 
0.8605). The mean monthly AF (0.5872) is slightly higher than previous months. 
There was one outlier (2nd) for which calculated AF was 1.9875. It may be noted 
that outside temperature variation on that day was very low (2.85 deg C). 
Table 5-6: Attenuation factors in February 2005 (sample period) 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
01/02/2005 13.38 37.02 25.38 32.34 0.2946 
02/02/2005 10.83 13.68 19.08 24.74 1.9875 
03/02/2005 12.01 18.46 17.87 22.81 0.7672 
04/02/2005 12.72 21.43 19.88 24.58 0.5399 
05/02/2005 12.62 22.97 20.16 24.79 0.4475 
06/02/2005 12.28 23.86 20.31 27.49 0.6199 
07/02/2005 13.66 34.92 22.14 31.00 0.4169 
08/02/2005 14 21.08 23.02 27.66 0.6546 
09/02/2005 14.35 21.74 21.89 26.02 0.5583 
10/02/2005 12.79 19.42 21.55 24.70 0.4764 
11/02/2005 13.97 21.83 20.58 26.40 0.7397 
12/02/2005 14.75 19.96 21.74 25.59 0.7381 
13/02/2005 13.14 21.68 21.04 27.94 0.8083 
14/02/2005 11.85 33.86 21.57 32.12 0.4795 
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5.3.7 March 2005 
Table 5-7 below and Table B-7 in Appendix B show AF values for this month. 
Large variation in daily AF values (0.3930-0.9971) was observed. Mean monthly 
AF (0.5725) was slightly higher than average. AF value on 2nd was 0.9971. 
Outside temperature swing was also low (4.87 deg C) on that day. 
 
Table 5-7: Attenuation factors in March 2005 (sample period) 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
01/03/2005 18.52 38.28 26.45 34.22 0.3930 
02/03/2005 14.62 19.49 22.44 27.30 0.9971 
03/03/2005 13.36 21.6 20.86 27.47 0.8025 
04/03/2005 15.66 22.75 21.82 26.13 0.6085 
05/03/2005 10.1 17.91 18.75 23.52 0.6117 
06/03/2005 8.79 19.06 16.98 21.38 0.4282 
07/03/2005 10.8 21.09 18.17 23.19 0.4877 
08/03/2005 12.25 20.7 19.37 24.65 0.6255 
09/03/2005 13.75 21.17 19.82 24.44 0.6230 
10/03/2005 13.35 21.12 19.70 25.01 0.6839 
11/03/2005 10.65 30.37 19.54 29.05 0.4821 
12/03/2005 15.65 34.23 22.12 30.57 0.4545 
13/03/2005 18.6 37.57 24.05 32.31 0.4354 
14/03/2005 16.78 27.04 24.93 30.47 0.5400 
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5.3.8 April 2005 
Table 5-8 below and Table B-8 in Appendix B present AF values for this month. 
Large variation of daily AF values were observed (0.3280 - 0.7757). Similar to 
previous months consistent mean monthly value (0.5373) was observed. There 
was no outlier. 
Table 5-8: Attenuation factors in April 2005 (sample period) 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
01/04/2005 20.48 32.43 23.95 31.63 0.6422 
02/04/2005 21.15 33.06 24.69 32.04 0.6170 
03/04/2005 13.74 27.72 22.62 28.42 0.4154 
04/04/2005 13.45 19.01 20.25 23.95 0.6652 
05/04/2005 7.19 26.66 18.01 26.65 0.4441 
06/04/2005 11.2 21.74 19.56 25.94 0.6053 
07/04/2005 12.28 21.61 20.64 25.57 0.5286 
08/04/2005 14.64 30.12 21.15 29.62 0.5472 
09/04/2005 23.23 33.88 24.68 32.94 0.7757 
10/04/2005 18.75 34.81 26.78 32.84 0.3778 
11/04/2005 14.03 20.78 23.51 27.44 0.5826 
12/04/2005 11.06 21 21.14 26.60 0.5494 
13/04/2005 10.06 29.9 19.70 28.50 0.4433 
14/04/2005 13.59 22.42 19.35 24.96 0.6350 
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5.3.9 May 2005 
Nearly half of the temperature data could not be collected in this month. Table 5-9 
below presents the AF values of available data. Large variation of daily AF values 
(0.2702 - 0.7425) was observed. Mean AF (0.5024) slightly lower than average but 
consistent with previous months. There was no outlier. 
Table 5-9: Attenuation factors in May 2005 
Outside Temp (Deg C) Indoor Temp (Deg C) 
Date Min Max Min Max Attenuation Factor 
01/05/2005 8.43 17.86 18.70 22.30 0.3815 
02/05/2005 5.65 22.56 15.35 23.29 0.4694 
03/05/2005 12.53 24.34 17.47 23.60 0.5191 
04/05/2005 17.75 24.22 20.28 25.09 0.7425 
05/05/2005 13.85 20.92 19.98 21.89 0.2702 
06/05/2005 11.64 16.21 18.02 21.01 0.6536 
07/05/2005 10.1 16.93 17.95 21.22 0.4786 
08/05/2005 6.4 17.66 15.55 22.03 0.5755 
09/05/2005 4.07 18.23 14.65 21.77 0.5031 
10/05/2005 6.13 19.03 14.74 21.27 0.5055 
11/05/2005 9.36 19.82 16.69 20.95 0.4071 
12/05/2005 11.55 17.43 17.77 21.51 0.6361 
13/05/2005 8.82 19.27 17.52 22.61 0.4875 
14/05/2005 6.99 22.93 15.22 23.18 0.4993 
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5.3.10 July 2005 
Only partial data (26th -31st) in July 2005 is available. Table 5-10 presents daily AF 
values which ranged between 0.4036 - 0.7001. Mean value (0.5825) is slightly 
higher than previous months probably because the sample is small. 
 
Table 5-10: Attenuation factors in July 2005 
Outside Temp (Deg C) Indoor Temp (Deg C)   
Date Min Max Min Max Attenuation Factor 
26/07/2005 10.45 16.5 15.46 18.31 0.4718 
27/07/2005 10.38 18.1 14.52 19.31 0.6203 
28/07/2005 11.58 19.6 14.99 20.47 0.6833 
29/07/2005 11.46 18.02 15.51 20.10 0.7001 
30/07/2005 7.46 15.74 13.75 17.09 0.4036 
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5.3.11 August 2005 
Table 5-11 and Table B-11 present daily AF values for this month. Daily AF values 
varied between 0.2688 - 0.8680 which is consistently large. Mean monthly value 
(0.5760) is consistently within a small range. There was one outlier observed on 
30th (AF = 1.0129) which was just over unity. Outside temperature swing on that 
day was very low (3.87 deg C). 
Table 5-11: Attenuation factors in August 2005 (sample period) 
Outside Temp (Deg C)  Indoor Temp (Deg C)    
Date Min Max Min Max Attenuation Factor 
01/08/2005 6.25 16.75 13.34 18.52 0.4939 
02/08/2005 9.86 19.28 13.61 20.72 0.7549 
03/08/2005 11.6 21.69 14.65 21.51 0.6803 
04/08/2005 6.87 11.89 13.36 17.72 0.8680 
05/08/2005 3.95 15.19 10.93 17.09 0.5483 
06/08/2005 7.15 17 12.29 18.68 0.6486 
07/08/2005 9.28 15.69 13.15 15.87 0.4250 
08/08/2005 7.6 16.1 12.37 17.07 0.5526 
09/08/2005 8.27 15.72 13.66 16.48 0.3785 
10/08/2005 4.03 9.19 11.17 14.22 0.5914 
11/08/2005 3.78 11.78 9.57 14.14 0.5705 
12/08/2005 3.53 12.78 9.96 15.30 0.5775 
13/08/2005 10.47 17.79 13.64 18.75 0.6975 
14/08/2005 10.12 13.83 13.29 15.38 0.5626 
15/08/2005 8.64 13.67 12.94 15.91 0.5916 
 
5.3.12 September & October 2005 
Attenuation factors during these two months are presented in Table B-12 and 
Table B-13 in the Appendix respectively. Since a full annual cycle has been 
discussed already, it is probably redundant to discuss them here. In short, daily AF 
values and mean monthly values for both months are consistent with previous 
months (September 2005 AF 0.5710 and October 2005 AF 0.5346).  
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5.3.13 Summary 
It is worth now to summarise the discussions above. Table 5-12 presents mean 
monthly AF values along with mean daily minimum and maximum temperatures. 
Figure 5-3 is a graphical representation of monthly AF values. 
Table 5-12: Attenuation factors summary  
Outside Temp (Deg C) Indoor Temp (Deg C) Month 





10.06 19.18 17.33 21.87 0.5115 
October 2004 10.58 21.54 17.95 24.10 0.5690 
November 
2004 
12.38 22.71 19.91 25.10 0.5221 
December 
2004 
13.60 25.58 21.30 27.37 0.5337 
January 2005 15.38 27.15 23.26 29.22 0.5220 
February 2005 14.12 24.79 21.90 27.77 0.5872 
March 2005 13.04 24.08 20.44 26.37 0.5725 
April 2005 13.04 24.56 20.50 26.53 0.5373 
May 2005 9.47 19.73 17.11 22.17 0.5024 
July 2005 9.86 17.63 14.69 19.23 0.5825 
August 2005 8.24 16.37 13.36 18.10 0.5760 
September 
2005 
8.57 18.49 14.23 19.80 0.5710 
October 2005 11.52 21.52 17.67 22.96 0.5346 
 
Mean monthly values of AF appear to be consistent as evident from Figure 5-3. It 
can be derived from this that AF is independent of season. There is not significant 
variation in different seasons. However, there is a shortcoming. AF daily values 
vary considerably but weekly mean values or fortnightly mean values are 
consistent. Therefore it is recommended to acquire at least two weeks' of 
temperature data and preferably one month of data to determine attenuation 
factor. Note that in table 5-12 and figure 5-3, June 2005 data was not available as 
the sensors stopped working. 
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Figure 5-3: Attenuation Factor of the Ecohome (Mean Monthly values) 
Ecohome exceeded five star standard achieving six stars star-rating using 
FirstRate software. Assuming construction of the Ecohome did not deviate 
significantly from its design, overall attenuation factor of 0.56 may be termed as at 
least 'good' thermal design/ passive design/ insulation. The following classification 
of building thermal design is proposed in table 5-13 based on attenuation factor: 
 
Table 5-13: Classification of building insulation levels based on attenuation factor 
Attenuation Factor Assessment 
Below 0.25 Super insulated homes; probably comfortable throughout 
the year; no artificial heating or cooling may be required 
0.30 - 0.45 Excellent thermal design; probably the next step in energy 
efficient housing 
0.50 - 0.60 Good thermal design; probably five star rated homes 
would achieve this level 
0.65 - 0.75 Average to poor thermal design; probably current stock of 
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5.4 Thermal Performance of the Ecohome: Time Lag 
This section is intended to document thermal performance of the Ecohome using 
another important performance indicator - time lag. As defined before, there are 
two time lags easily identifiable- peak time lag and nadir time lag. The tables that 
follow record peak and nadir time lag along with daily average time lag. The time 
at which this happens (usually but not necessarily the maximum or minimum 
temperature for both inside and outside temperature curves) is available in the 
Appendix C. Mean indoor temperature was used instead of individual room 
temperatures. The longer the time lag, the more effective is building insulation.  
 
5.4.1 September 2004 
Daily time lag values are presented in Table 5-14 below. Table C-1 in Appendix C 
records the time lag calculations in details. It may be observed that there are large 
variations in daily values from 20 minutes time lag (23rd) to 5 hours 50 minutes 
time lag (20th). In addition, there is also large variation between peak and nadir 
time lag (same day values). Therefore, as was the case of attenuation factor, short 
time monitoring would not be enough. Monthly average time lage values are more 
consistent. It was 3:00 hours for this month. 
 











time lag  
Average 
time lag 
16/09/2004 05:30 00:30 03:00 24/09/2004 04:00 01:50 02:55 
17/09/2004 00:50 03:50 02:20 25/09/2004 03:40 03:20 03:30 
18/09/2004 00:40 01:40 01:10 26/09/2004 06:40 02:00 04:20 
19/09/2004 03:00 03:30 03:15 27/09/2004 03:00 00:20 01:40 
20/09/2004 08:00 03:40 05:50 28/09/2004 05:40 01:20 03:30 
21/09/2004 03:20 03:20 03:20 29/09/2004 02:30 04:30 03:30 
22/09/2004 01:20 02:30 01:55 30/09/2004 04:20 02:40 03:30 
23/09/2004 00:20 - 00:20 Sept 2004 03:31 02:30  03:00 
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5.4.2 October 2004 
Daily time lag values for this month are presented in Table 5-15 below. Table C-2 
in Appendix C details time lag calculations. Similar to previous month there are 
large variations in daily time lag values. For the entire month, average time lag 
value was determined to be 02 hours and 49 minutes, which is slightly lower than 
previous month. The shortest time lag was 30 minutes on 14th and the longest time 
lag was 5 hours 30 minutes on 9th. 











time lag  
Average 
time lag 
01/10/2004 05:30 02:50 04:10 17/10/2004 01:50 05:10 03:30 
02/10/2004 02:00 07:00 04:30 18/10/2004 02:20 04:00 03:10 
03/10/2004 07:30 00:50 04:10 19/10/2004 01:10 03:10 02:10 
04/10/2004 04:10 02:30 03:20 20/10/2004 02:20 03:10 02:45 
05/10/2004 02:40 03:10 02:55 21/10/2004 03:10 04:20 03:45 
06/10/2004 00:50 04:00 02:25 22/10/2004 05:20 03:40 04:30 
07/10/2004 04:40 02:00 03:20 23/10/2004 05:40 00:50 03:15 
08/10/2004 00:30 02:20 01:25 24/10/2004 00:40 03:50 02:15 
09/10/2004 06:30 04:30 05:30 25/10/2004 05:40 05:00 05:20 
10/10/2004 00:40 01:30 01:05 26/10/2004 01:10 02:30 01:50 
11/10/2004 05:10 01:20 03:15 27/10/2004 02:50 01:00 01:55 
12/10/2004 01:30 03:50 02:40 28/10/2004 03:40 01:40 02:40 
13/10/2004 00:10 01:10 00:40 29/10/2004 01:00 02:40 01:50 
14/10/2004 00:40 00:20 00:30 30/10/2004 00:30 02:30 01:30 
15/10/2004 01:20 04:00 02:40 31/10/2004 03:20 03:20 03:20 
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5.4.3 November 2004 
Table 5-16 below presents the daily time lag values for this month. Table C-3 in 
appendix C records detailed calculations. Consistent with previous months, there 
are large variations within daily values. Monthly average time lag (2 hours 44 
minutes) is slightly less than previous two months. Generally short term monitoring 
would not give consistent results. Therefore this remains a serious drawback. 











time lag  
Average 
time lag 
01/11/2004 02:40 03:10 02:55 16/11/2004 00:50 03:20 02:05 
02/11/2004 00:50 00:40 00:45 17/11/2004 02:10 02:20 02:15 
03/11/2004 01:40 02:50 02:15 18/11/2004 03:10 01:40 02:25 
04/11/2004 01:30 02:30 02:00 19/11/2004 01:00 01:20 01:10 
05/11/2004 06:00 02:00 04:00 20/11/2004 01:20 05:10 03:15 
06/11/2004 01:10 02:20 01:45 21/11/2004 00:40 05:40 03:10 
07/11/2004 02:40 03:40 03:10 22/11/2004 04:00 05:10 04:35 
08/11/2004 00:30 03:50 02:10 23/11/2004 02:30 06:00 04:15 
09/11/2004 03:00 05:40 04:20 24/11/2004 03:10 03:20 03:15 
10/11/2004 00:30 01:20 00:55 25/11/2004 05:20 03:30 04:25 
11/11/2004 01:30 04:30 03:00 26/11/2004 00:50 03:50 02:20 
12/11/2004 01:00 01:50 01:25 27/11/2004 04:40 01:10 02:55 
13/11/2004 00:30 02:10 01:20 28/11/2004 00:40 04:30 02:35 
14/11/2004 06:30 03:50 05:10 29/11/2004 01:00 01:50 01:25 
15/11/2004 03:40 04:50 04:15 30/11/2004 02:20 02:40 02:30 
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5.4.4 December 2004 
Table 5-17 below presents daily values of time lag during this month. Additional 
details are presented in Table C-4 in Appendix C. General observations of time lag 
are consistent with previous months. There are large variations within daily time 
lag values (01:00-4:45). There is a slightly shorter time lag (2 hours 41 minutes) 
than previous months. 











time lag  
Average 
time lag 
01/12/2004 03:50 01:20 02:35 17/12/2004 01:30 03:50 02:40 
02/12/2004 01:30 05:00 03:15 18/12/2004 01:00 03:40 02:20 
03/12/2004 01:20 03:20 02:20 19/12/2004 01:20 02:50 02:05 
04/12/2004 02:00 04:00 03:00 20/12/2004 01:20 04:40 03:00 
05/12/2004 00:50 04:40 02:45 21/12/2004 00:30 05:40 03:05 
06/12/2004 02:40 02:40 02:40 22/12/2004 02:00 04:50 03:25 
07/12/2004 08:10 01:20 04:45 23/12/2004 01:00 04:10 02:35 
08/12/2004 01:40 01:10 01:25 24/12/2004 01:10 04:20 02:45 
09/12/2004 00:50 01:10 01:00 25/12/2004 00:40 05:10 02:55 
10/12/2004 00:40 02:20 01:30 26/12/2004 01:40 04:10 02:55 
11/12/2004 01:40 00:50 01:15 27/12/2004 02:10 00:20 01:15 
12/12/2004 01:00 03:20 02:10 28/12/2004 02:00 03:50 02:55 
13/12/2004 04:10 00:50 02:30 29/12/2004 01:20 04:20 02:50 
14/12/2004 03:30 05:20 04:25 30/12/2004 00:50 04:20 02:35 
15/12/2004 06:00 03:10 04:35 31/12/2004 01:10 04:00 02:35 
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5.4.5 January 2005 
Daily time lag values for this month are presented in Table 5-18 below and 
additional details in table C-5 in Appendix C. Daily variations in time lag remain 
consistently large (01:10-05:40). Average monthly time lag is slightly longer than 
previous months. 
 











time lag  
Average 
time lag 
01/01/2005 01:50 03:10 02:30 17/01/2005 02:10 04:00 03:05 
02/01/2005 02:00 06:20 04:10 18/01/2005 04:30 05:30 05:00 
03/01/2005 01:10 01:20 01:15 19/01/2005 01:10 03:00 02:05 
04/01/2005 04:20 03:00 03:40 20/01/2005 04:50 04:40 04:45 
05/01/2005 01:40 00:50 01:15 21/01/2005 01:30 05:10 03:20 
06/01/2005 00:30 05:10 02:50 22/01/2005 00:40 05:40 03:10 
07/01/2005 04:30 06:50 05:40 23/01/2005 01:30 04:30 03:00 
08/01/2005 02:40 04:20 03:30 24/01/2005 03:50 04:30 04:10 
09/01/2005 02:40 04:20 03:30 25/01/2005 00:50 04:10 02:30 
10/01/2005 01:00 01:20 01:10 26/01/2005 01:50 01:20 01:35 
11/01/2005 05:40 03:20 04:30 27/01/2005 04:20 00:50 02:35 
12/01/2005 02:20 05:50 04:05 28/01/2005 04:30 02:00 03:15 
13/01/2005 02:10 04:40 03:25 29/01/2005 04:20 00:50 02:35 
14/01/2005 01:10 04:50 03:00 30/01/2005 01:10 07:50 04:30 
15/01/2005 00:50 02:40 01:45 31/01/2005 00:30 06:30 03:30 
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5.4.6 February 2005 
Daily time lag values are presented in the following Table 5-19. Additional details 
may be found in Table C-6 in Appendix C. Daily variations of time lag remain large 
(01:05-05:20) while monthly average is consistent (02:52) with previous months. 











time lag  
Average 
time lag 
01/02/2005 01:10 01:30 01:20 16/02/2005 04:10 04:50 04:30 
03/02/2005 01:30 00:40 01:05 17/02/2005 02:50 02:50 02:50 
04/02/2005 02:10 02:50 02:30 18/02/2005 03:00 01:50 02:25 
05/02/2005 03:00 03:40 03:20 19/02/2005 00:50 02:20 01:35 
06/02/2005 01:20 03:20 02:20 20/02/2005 03:50 01:00 02:25 
07/02/2005 03:20 00:50 02:05 21/02/2005 05:10 07:50 06:30 
08/02/2005 02:20 00:10 01:15 22/02/2005 07:10 03:30 05:20 
09/02/2005 01:40 03:50 02:45 23/02/2005 03:00 04:10 03:35 
10/02/2005 00:40 04:00 02:20 24/02/2005 02:20 00:40 01:30 
11/02/2005 01:20 01:20 01:20 25/02/2005 02:00 01:00 01:30 
12/02/2005 03:20 04:20 03:50 26/02/2005 07:20 03:40 05:30 
13/02/2005 05:20 03:50 04:35 27/02/2005 02:40 04:40 03:40 
14/02/2005 01:50 02:00 01:55 28/02/2005 02:10 03:50 03:00 
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5.4.7 March 2005 
Daily time lag values are presented in Table 5-20 below. Additional details can be 
found in Table C-7 in Appendix C. Daily time lag values have large variations 
ranging from 45 minutes (1st) to 5 hours 25 minutes (28th). However, monthly 
average time lag is slightly shorter than previous months (2 hours 40 minutes). 











time lag  
Average 
time lag 
01/03/2005 00:40 00:50 00:45 17/03/2005 02:50 01:00 01:55 
02/03/2005 02:50 02:50 02:50 18/03/2005 01:20 03:10 02:15 
03/03/2005 00:50 05:50 03:20 19/03/2005 01:00 03:30 02:15 
04/03/2005 05:00 02:00 03:30 20/03/2005 01:00 05:40 03:20 
05/03/2005 03:40 03:10 03:25 21/03/2005 03:20 02:10 02:45 
06/03/2005 03:30 02:40 03:05 22/03/2005 00:40 02:30 01:35 
07/03/2005 00:50 02:30 01:40 23/03/2005 01:50 03:40 02:45 
08/03/2005 00:50 06:30 03:40 24/03/2005 00:40 01:40 01:10 
09/03/2005 01:00 01:50 01:25 25/03/2005 03:30 03:00 03:15 
10/03/2005 02:00 04:00 03:00 26/03/2005 00:50 02:30 01:40 
11/03/2005 00:50 05:30 03:10 27/03/2005 02:20 02:30 02:25 
12/03/2005 04:00 01:20 02:40 28/03/2005 07:10 03:40 05:25 
13/03/2005 01:50 04:40 03:15 29/03/2005 01:00 01:00 01:00 
14/03/2005 01:30 05:40 03:35 30/03/2005 00:40 02:30 01:35 
15/03/2005 03:20 01:10 02:15 31/03/2005 04:40 01:40 03:10 
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5.4.8 April 2005 
Daily time lag values in April 2005 are presented in Table 5-21 below and 
additional details can be found in Table C-8 in Appendix C. Particularly it can be 
observed that the monthly average time lag is much shorter than previous months. 
Another interesting observation is that the peak and nadir average time lag are the 
same. In previous months, peak time lag was generally longer. Large variation in 
daily values remains consistent. 











time lag  
Average 
time lag 
01/04/2005 01:00 02:10 01:35 17/04/2005 04:00 01:40 02:50 
02/04/2005 02:10 01:30 01:50 18/04/2005 00:30 01:30 01:00 
03/04/2005 01:10 00:40 00:55 19/04/2005 01:00 00:50 00:55 
04/04/2005 04:50 03:40 04:15 20/04/2005 00:40 03:50 02:15 
05/04/2005 00:40 02:50 01:45 21/04/2005 00:40 01:50 01:15 
06/04/2005 01:00 03:50 02:25 22/04/2005 00:40 03:30 02:05 
07/04/2005 05:40 01:00 03:20 23/04/2005 01:50 01:20 01:35 
08/04/2005 04:10 02:00 03:05 24/04/2005 03:40 01:50 02:45 
09/04/2005 01:40 02:50 02:15 25/04/2005 04:00 04:10 04:05 
10/04/2005 00:50 00:20 00:35 26/04/2005 00:40 02:10 01:25 
11/04/2005 01:00 04:10 02:35 27/04/2005 00:30 01:20 00:55 
12/04/2005 00:40 01:20 01:00 28/04/2005 01:20 01:20 01:20 
13/04/2005 00:50 01:40 01:15 29/04/2005 02:30 01:50 02:10 
15/04/2005 03:30 01:30 02:30 30/04/2005 03:40 02:20 03:00 
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5.4.9 May & July 2005 
Daily time lag values for these two months are presented in Table 5-22 below. 
Additional details can be found in Tables C-9 & C-10 in Appendix C. Data 
acquisition was interrupted and therefore partial data are available. In May (1st -
15th) 2005, daily time lag values varied between 01:05-03:25 (hr:min), consistently 
large variations in daily values. Mean monthly value is slightly shorter than 
average (2 hours 38 minutes). July (26th -31st) 2005 time lag has similar trend. 















time lag  
Average 
time lag 
01/05/2005 00:50 01:20 01:05 26/07/2005 00:50 02:20 01:35 
02/05/2005 00:40 01:40 01:10 27/07/2005 07:00 03:40 05:20 
03/05/2005 06:10 00:30 03:20 28/07/2005 03:40 01:20 02:30 
04/05/2005 01:20 02:30 01:55 29/07/2005 00:30 01:40 01:05 
05/05/2005 00:40 04:30 02:35 30/07/2005 01:40 00:50 01:15 
06/05/2005 02:40 04:20 03:30 31/07/2005 04:00 03:00 03:30 
07/05/2005 01:30 03:10 02:20     
08/05/2005 00:40 04:40 02:40     
09/05/2005 00:30 02:10 01:20     
10/05/2005 02:30 02:50 02:40     
11/05/2005 04:30 02:20 03:25     
12/05/2005 01:30 00:40 01:05     
13/05/2005 02:40 03:30 03:05     
14/05/2005 00:40 05:40 03:10     
15/05/2005 02:50 01:20 02:05     
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5.4.10 August 2005 
Time lag in August is presented in the following Table 5-23. Additional details can 
be found in Table C-11 in Appendix C. Daily time lag values variation was high 
(00:30- 04:45) while mean monthly value (2 hours 23 minutes) is slightly lower 
than overall average (2 hours 38 minutes). Time lag in this month is generally 
consistent with overall observation. 











time lag  
Average 
time lag 
01/08/2005 02:10 04:30 03:20 17/08/2005 00:50 02:00 01:25 
02/08/2005 07:10 02:20 04:45 18/08/2005 00:50 01:40 01:15 
03/08/2005 02:10 02:50 02:30 19/08/2005 02:50 04:00 03:25 
04/08/2005 00:50 03:20 02:05 20/08/2005 01:10 00:30 00:50 
05/08/2005 00:30 00:30 00:30 21/08/2005 04:00 01:00 02:30 
06/08/2005 00:30 02:10 01:20 22/08/2005 02:20 00:20 01:20 
07/08/2005 06:50 02:20 04:35 23/08/2005 05:10 02:00 03:35 
08/08/2005 05:30 03:40 04:35 24/08/2005 02:10 04:00 03:05 
09/08/2005 04:50 02:20 03:35 25/08/2005 05:30 02:10 03:50 
10/08/2005 00:40 00:30 00:35 26/08/2005 00:40 01:20 01:00 
11/08/2005 02:30 04:20 03:25 27/08/2005 00:40 02:30 01:35 
12/08/2005 01:30 02:20 01:55 28/08/2005 00:10 01:10 00:40 
13/08/2005 05:40 04:00 04:50 29/08/2005 00:20 02:50 01:35 
14/08/2005 00:50 02:30 01:40 30/08/2005 01:50 03:50 02:50 
15/08/2005 01:20 03:30 02:25 31/08/2005 00:40 00:50 00:45 
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5.4.11 September 2005 
Daily time lag values in this month are presented in Table 5-24 and additional 
details are presented in Table C-12 in Appendix C. Only partial data (1st -22nd) are 
available in this month. Daily variations are large ranging from 35 minutes to 3 
hours 40 minutes. Mean monthly value (2 hours 13 minutes) is significantly lower 
than overall time lag (2 hours 38 minutes). 











time lag  
Average 
time lag 
01/09/2005 00:40 01:30 01:05 12/09/2005 00:30 01:30 01:00 
02/09/2005 01:00 05:40 03:20 13/09/2005 01:40 03:30 02:35 
03/09/2005 04:40 02:10 03:25 14/09/2005 05:40 01:40 03:40 
04/09/2005 00:40 04:30 02:35 15/09/2005 02:50 01:30 02:10 
05/09/2005 01:20 05:10 03:15 16/09/2005 01:10 03:30 02:20 
06/09/2005 01:00 04:20 02:40 17/09/2005 02:50 04:00 03:25 
07/09/2005 01:30 03:00 02:15 18/09/2005 01:10 02:10 01:40 
08/09/2005 04:40 02:10 03:25 19/09/2005 00:40 00:30 00:35 
09/09/2005 02:10 02:20 02:15 20/09/2005 03:50 01:00 02:25 
10/09/2005 01:40 00:20 01:00 21/09/2005 01:20 02:00 01:40 
11/09/2005 00:20 01:40 01:00 22/09/2005 01:30 00:50 01:10 
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5.4.12 October 2005 
Daily time lag values are presented in Table 5-25 below and additional details can 
be found in Table C-13 in Appendix C. Variation of daily values remains quite high 
(01:15 - 06:35) while mean monthly value (2 hours 52 minutes) is slightly higher 
than overall average.  











time lag  
Average 
time lag 
05/10/2005 04:20 02:50 03:35 19/10/2005 04:00 03:50 03:55 
06/10/2005 02:40 02:50 02:45 20/10/2005 06:20 03:00 04:40 
07/10/2005 02:40 01:30 02:05 21/10/2005 01:30 03:30 02:30 
08/10/2005 01:00 02:40 01:50 22/10/2005 04:40 01:10 02:55 
09/10/2005 01:10 01:40 01:25 23/10/2005 00:30 04:20 02:25 
10/10/2005 01:30 02:20 01:55 24/10/2005 01:00 01:30 01:15 
11/10/2005 01:10 02:40 01:55 25/10/2005 02:50 00:30 01:40 
12/10/2005 00:30 04:20 02:25 26/10/2005 06:10 01:10 03:40 
13/10/2005 05:30 03:00 04:15 27/10/2005 00:40 04:20 02:30 
14/10/2005 01:00 02:50 01:55 28/10/2005 01:10 03:10 02:10 
15/10/2005 01:20 06:10 03:45 29/10/2005 01:40 05:20 03:30 
16/10/2005 00:50 03:20 02:05 30/10/2005 03:20 03:30 03:25 
17/10/2005 07:10 06:00 06:35 31/10/2005 00:40 02:30 01:35 
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5.4.13 November 2005 
Daily time lag values are presented in Table 5-26 below and additional details can 
be found in Table C-14 in Appendix C. Variation of daily values observed to be 
very high (00:45 - 05:15) while mean monthly value (2 hours 32 minutes) is similar 
to overall average (2 hours 38 minutes).  











time lag  
Average 
time lag 
01/11/2005 01:50 03:00 02:25 16/11/2005 05:30 03:50 04:40 
02/11/2005 03:10 02:00 02:35 17/11/2005 00:50 03:00 01:55 
03/11/2005 01:10 00:40 00:55 18/11/2005 05:00 01:40 03:20 
04/11/2005 00:50 03:30 02:10 19/11/2005 02:20 03:20 02:50 
05/11/2005 01:00 04:20 02:40 20/11/2005 02:30 05:20 03:55 
06/11/2005 01:30 02:00 01:45 21/11/2005 00:50 04:50 02:50 
07/11/2005 03:00 02:20 02:40 22/11/2005 02:20 05:10 03:45 
08/11/2005 01:30 00:40 01:05 23/11/2005 01:00 02:20 01:40 
09/11/2005 02:20 00:30 01:25 24/11/2005 03:00 04:00 03:30 
10/11/2005 02:20 00:30 01:25 25/11/2005 03:20 01:50 02:35 
11/11/2005 00:50 00:40 00:45 26/11/2005 02:10 04:40 03:25 
12/11/2005 00:40 03:40 02:10 27/11/2005 01:00 03:10 02:05 
13/11/2005 01:00 07:20 04:10 28/11/2005 00:50 04:00 02:25 
14/11/2005 01:00 01:30 01:15 29/11/2005 03:00 02:00 02:30 
15/11/2005 05:10 05:20 05:15 30/11/2005 01:00 03:40 02:20 
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5.4.14 General Discussions: Time Lag 
Time lag is a simple thermal performance indicator. It was generally observed that 
extremely large variations in daily values occur. Therefore, short term monitoring is 
neither suitable nor reliable. Even monthly time lag values vary significantly 
(Figure 5-4 and Table 5-27). In the case of Ecohome, monthly values varied 
between 02:04- 03:10 which is quite significant. It is possible, there is a seasonal 
effect. Seasonal effect is usually noticeable in summer and winter. Summer 
months average time lag (02:54) and winter months (excluding June as no data 
available) average time lage (02:25) produce a large variation. Autumn (02:22) 
and spring (02:51) seasons do not produce comparable time lag. Therefore this 
seasonal effect cannot be confirmed. 
Table 5-27: Time lag (hr:min) of the Ecohome: Summary 




September 2004 03:31 02:30 03:00 
October 2004 02:44 02:54 02:49 
November 2004 02:14 03:13 02:44 
December 2004 01:57 03:25 02:41 
January 2005 02:22 03:59 03:10 
February 2005 02:54 02:50 02:52 
March 2005 02:19 03:00 02:40 
April 2005 02:04 02:05 02:04 
May 2005 01:58 02:44 02:21 
July 2005 02:56 02:08 02:32 
August 2005 02:22 02:23 02:23 
September 2005 01:56 02:30 02:13 
October 2005 02:39 03:05 02:52 
November 2005 02:04 03:01 02:32 
Overall time lag (hr:min) 02:38 
 
In short, time lag may be a useful concept but the numbers are not consistent. 
Therefore, this indicator is not useful for short term monitoring (say up to a week). 
Monthly values become somewhat consistent but there are significant variations 
among monthly values as well.  
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This is in contrast to findings by Thomas et al. (2006) who developed a model 
using physics of heat transfer. The model found better agreement with theoretical 
and experimental time lag than that for attenuation factor (‘amplitude reduction’). 
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5.5 Thermal Performance of the Ecohome: Time in Comfort Zone 
This is an easy to understand thermal performance indicator. In chapter 4, this has 
been partly discussed in qualitative assessment of thermal performance. The 
following Table 5-28 and Figures 5-5 and 5-6 summarise Ecohome thermal 
performance using this indicator. Values for individual room temperatures are 
listed in Table 5-28 and Figure 5-5 while values for mean indoor temperatures are 
presented in Figure 5-6. 
 
Table 5-28: Thermal performance of the Ecohome: Time in comfort zone 
Month Outside 
Living 




Room Bed 4 Upstairs 
Sep 2004 16.2% 92.7% 73.2% 65.1% 62.5% 52.9% 44.3% 88.0% 
Oct 2004 21.8% 78.0% 76.8% 69.9% 68.8% 60.2% 55.0% 72.2% 
Nov 2004 30.1% 67.9% 73.8% 69.4% 69.7% 59.7% 56.3% 57.5% 
Dec 2004 43.6% 46.1% 79.0% 81.5% 81.5% 69.4% 71.4% 43.3% 
Jan 2005 52.2% 27.0% 59.7% 64.1% 66.0% 58.1% 62.6% 27.3% 
Feb 2005 39.3% 45.1% 78.9% 79.8% 80.5% 72.6% 76.0% 43.0% 
Mar 2005 38.2% 56.9% 79.4% 85.4% 85.1% 72.5% 71.9% 58.7% 
April 2005 37.8% 56.7% 81.8% 85.1% 86.9% 71.8% 71.9% 57.6% 
May 2005 20.8% 90.8% 78.9% 72.2% 72.2% 58.1% 47.8% 88.3% 
July 2005 5.3% 80.3% 28.3% 10.5% 5.3% 19.7% 11.2% 64.5% 
Aug 2005 6.2% 53.4% 16.0% 8.2% 7.8% 14.4% 10.8% 37.5% 
Sep 2005 18.2% 62.7% 31.1% 20.6% 20.3% 30.7% 24.1% 54.2% 
Oct 2005 33.6% 82.4% 77.8% 68.4% 67.4% 68.8% 63.3% 75.8% 
Nov 2005 41.1% 53.1% 85.3% 89.6% 88.9% 75.8% 75.8% 51.1% 
Entire 
monitoring 28.9% 63.8% 65.7% 62.1% 61.6% 56.0% 53.0% 58.5% 
 
A design objective of passive solar design is to achieve highest comfort in living 
areas (family room, living room) where most of the time is spent by residents. This 
has been partly achieved with living room being the most comfortable place in the 
house. Family room in the upstairs, however, did not achieve the same objective 
particularly in the winter period (May, July, August & September). It is generally 
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noted (Figure 5-5), there was greater comfort achieved in ground floor than upper 
floor. 




































Figure 5-5: Temperature in comfort zone at various locations of the Ecohome 
 










































































































Figure 5-6: Ecohome temperature in comfort zone (Mean Monthly values) 
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Thermal performance during winter period is critical as the space heating demand 
is usually greatest during this time. Figure 5-6 presents mean monthly values. 
Thermal performance is lowest during July-September period while above 70% 
time in comfort zone achieved in remaining period. Overall 62.5% of the time 
indoor mean temperature stayed in comfort zone. 
 
Time in comfort zone is better represented when compared with outside 
temperature as shown in Figure 5-7. In some months there was little additional 
comfort achieved (e.g. January 2005) when outside temperature was more than 
50% within comfort zone. In other months, however, significant thermal comfort 
was achieved. 
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5.6 Thermal Performance of the Ecohome: Other Indicators 
In this section, two of the indicators are discussed. One of them measures 
elevation of indoor temperature (in degrees Centigrade) relative to outside 
temperature. In a cool climatic zone such as Melbourne, it is generally desired that 
the indoor temperature is higher than outside temperature (except of course, some 
hot summer days). Therefore Deg C warmer is a useful indicator. The warmer the 
indoor temperature compared to outside temperature, the better it is. This indicator 
has a big drawback though. It results from elevated temperature in hot summer 
days when elevated indoor temperature causes discomfort to occupants. 
Therefore it should not be credited. But as the name "Degree warmer" suggests   
this has to be credited. Probably a different name or a different definition can solve 
the problem. For example, if an indoor temperature elevation does not contribute 
to comfort, it can be discarded (assign 'zero') or be considered as 'negative' 
contribution. 
 
The second indicator that is presented here measures how much (duration and 
intensity) the indoor temperature remains outside a defined comfort band (18-26 
deg C) when either heating or cooling is needed. When hourly temperature is 
monitored, this heating and cooling need can be conveniently determined by 
adding the hourly deviations (in deg C) from the comfort band in a day. Daily 
values may be averaged to determine mean monthly heating and cooling need (in 
Deg.Hr). This indicator is an adaptation of heating degree days (HDD) and cooling 
degree days (CDD) and is a more precise indicator than HDD or CDD. Table 5-29 
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Table 5-29: Significance of Heating and cooling demand (deg.hr) 
Heating plus Cooling 
Demand (Deg.Hr) 
Probable comfort level 
Below 5 Excellent comfort level; most likely occupants would not 
need to turn on a heating or cooling device on this day. 
10 - 20 Good comfort level; some heating or cooling need to be 
used to stay comfortable. 
25 - 50 Poor comfort level; significant heating or cooling is 
required to stay comfortable. 
50+ Poor to extreme discomfort; these represent the hottest 
and coldest days in Melbourne. 
 
5.6.1 September 2004 
September belongs to spring season (Sept- Nov). Outside mean temperature was 
14.6 deg C and indoor mean temperature was 19.5 deg C. Table 5-30 below 
presents daily values of two thermal performance indicators. Generally Ecohome 
was about 5 deg C warmer than outside. As September belongs to spring season, 
heating and cooling requirement is usually not high. Heating plus cooling need 
(daily mean) was 5.74 deg.hr. Most of the days, excellent comfort (<5 deg.hr) was 
achieved. 
 
Table 5-30: Thermal performance in September 2004: Other Indicators 










14/09/2004 5.24 3.24 23/09/2004 6.26 0.00 
15/09/2004 5.67 8.36 24/09/2004 4.49 0.38 
16/09/2004 4.50 21.44 25/09/2004 4.59 0.00 
17/09/2004 4.82 19.61 26/09/2004 1.93 0.45 
18/09/2004 5.92 3.61 27/09/2004 5.10 0.00 
19/09/2004 7.89 2.00 28/09/2004 5.30 15.04 
20/09/2004 5.28 4.52 29/09/2004 5.05 2.72 
21/09/2004 3.24 1.78 30/09/2004 5.69 14.44 
22/09/2004 2.35 0.00 Sept 2004 4.90 5.74 
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5.6.2 October 2004 
Daily values in October 2004 are presented in Table 5-31 below. Consistent with 
previous month, Ecohome was about 5 deg C warmer in October 2004. Outside 
mean temperature was 16.15 deg C while indoor mean temperature was 20.95 
deg C. October also belongs to spring season and therefore heating plus cooling 
need (daily mean) was small (9.0 deg.hr). Only two days (12th and 28th), there was 
poor comfort level and remaining days good to excellent thermal comfort was 
achieved. 
 
Table 5-31: Thermal performance in October 2004: Other Indicators 










01/10/2004 4.46 20.68 17/10/2004 7.82 4.82 
02/10/2004 4.70 7.93 18/10/2004 6.83 3.86 
03/10/2004 5.01 0.00 19/10/2004 5.34 0.59 
04/10/2004 4.28 3.78 20/10/2004 3.91 4.78 
05/10/2004 4.91 2.68 21/10/2004 4.71 15.08 
06/10/2004 3.92 0.28 22/10/2004 6.26 5.22 
07/10/2004 4.03 0.54 23/10/2004 6.36 0.00 
08/10/2004 4.49 16.84 24/10/2004 7.54 0.00 
09/10/2004 4.60 11.35 25/10/2004 6.99 0.00 
10/10/2004 2.32 11.12 26/10/2004 3.10 0.00 
11/10/2004 0.98 8.18 27/10/2004 5.84 10.53 
12/10/2004 1.09 39.95 28/10/2004 4.30 29.85 
13/10/2004 4.51 6.43 29/10/2004 4.21 21.66 
14/10/2004 6.94 0.00 30/10/2004 2.74 5.76 
15/10/2004 7.17 6.43 31/10/2004 2.08 17.87 
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5.6.3 November 2004 
Thermal performance during this month using two indicators is presented in Table 
5-32. Consistent with previous months, Ecohome was 5 deg C warmer than 
outside and sometimes over 7 deg C warmer. Outside mean temperature was 
17.55 deg C while indoor mean temperature was 22.49 deg C. November belongs 
to spring season but warmer than previous two months. Therefore heating plus 
cooling need is higher (daily mean 15.16 deg.hr). There were 6 days when poor to 
extreme discomfort occurred. Remaining days were good to excellent comfort 
level. 
 
Table 5-32: Thermal performance in November 2004: Other Indicators 










01/11/2004 3.66 0.00 16/11/2004 5.94 1.14 
02/11/2004 7.40 1.09 17/11/2004 3.19 26.13 
03/11/2004 6.02 19.49 18/11/2004 3.45 0.09 
04/11/2004 4.75 15.02 19/11/2004 7.00 0.00 
05/11/2004 4.29 1.95 20/11/2004 7.42 0.00 
06/11/2004 4.87 4.90 21/11/2004 6.88 0.00 
07/11/2004 4.61 17.77 22/11/2004 6.44 0.00 
08/11/2004 4.46 21.32 23/11/2004 5.76 0.00 
09/11/2004 5.07 1.76 24/11/2004 5.64 0.05 
10/11/2004 3.38 5.27 25/11/2004 4.22 16.43 
11/11/2004 4.43 0.00 26/11/2004 0.41 78.62 
12/11/2004 4.78 1.41 27/11/2004 0.46 84.49 
13/11/2004 7.12 0.00 28/11/2004 7.54 64.04 
14/11/2004 4.15 0.00 29/11/2004 4.78 52.31 
15/11/2004 5.42 0.00 30/11/2004 4.55 41.47 
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5.6.4 December 2004 
Table 5-33 below presents thermal performance during this month. Ecohome was 
on average 4.8 deg C warmer than outside and up to 8 deg C warmer. December 
is the first month of summer. Therefore heating and cooling demand is expected to 
be higher. Daily mean heating and cooling need was 14.85 deg.hr, which is similar 
to previous month. Outside mean temperature was 19.53 deg C while indoor mean 
temperature was 24.29 deg C. There were 8 days in total during this month when 
poor to extreme discomfort occurred. 
 
Table 5-33: Thermal performance in December 2004: Other Indicators 










01/12/2004 7.14 0.53 17/12/2004 4.84 14.78 
02/12/2004 6.79 0.00 18/12/2004 0.94 66.27 
03/12/2004 5.95 0.00 19/12/2004 5.46 27.35 
04/12/2004 2.81 11.95 20/12/2004 7.07 0.00 
05/12/2004 5.11 29.08 21/12/2004 6.53 3.64 
06/12/2004 3.94 35.74 22/12/2004 5.13 12.98 
07/12/2004 4.65 11.39 23/12/2004 0.44 64.85 
08/12/2004 4.06 0.00 24/12/2004 6.68 27.50 
09/12/2004 3.50 3.89 25/12/2004 6.65 0.03 
10/12/2004 2.83 20.04 26/12/2004 6.02 4.19 
11/12/2004 3.58 23.41 27/12/2004 7.99 0.00 
12/12/2004 5.03 29.52 28/12/2004 5.18 10.71 
13/12/2004 5.34 0.00 29/12/2004 3.98 0.00 
14/12/2004 4.79 0.00 30/12/2004 3.59 8.35 
15/12/2004 5.52 0.00 31/12/2004 0.79 53.22 
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5.6.5 January 2005 
January is the hottest month in Melbourne. Outside mean temperature was 21.06 
deg C while indoor mean temperature was 26.17 deg C. Table 5-34 below 
presents thermal performance during this month. Ecohome was more than 5 
degrees C warmer. Ecohome has a lighter structural timber frame (common in 
Australian building industry) which has limited ability to cool down in hot summer 
days. In Melbourne, only about 30 days in a year ambient temperature exceeds 30 
deg C. Therefore, space heating is far more important than space cooling.  
 
There were two hot periods (10th -14th and 25th -28th) in January 2005 when 
highest cooling demand was created. These 9 days contributed to the 75% of 
heating and cooling need during this month. There were 12 days in this month 
when poor to extreme discomfort occurred. 
 
Table 5-34: Thermal performance in January 2005: Other Indicators 










01/01/2005 7.07 8.24 17/01/2005 6.14 2.57 
02/01/2005 6.77 0.00 18/01/2005 5.27 10.86 
03/01/2005 5.19 2.76 19/01/2005 2.68 54.65 
04/01/2005 3.66 0.15 20/01/2005 6.91 19.08 
05/01/2005 4.50 0.00 21/01/2005 6.50 6.82 
06/01/2005 6.25 0.00 22/01/2005 6.54 13.83 
07/01/2005 5.22 0.00 23/01/2005 6.37 20.10 
08/01/2005 4.37 0.00 24/01/2005 5.61 28.17 
09/01/2005 4.22 8.54 25/01/2005 1.12 105.05 
10/01/2005 3.21 43.50 26/01/2005 2.77 153.84 
11/01/2005 -0.40 89.40 27/01/2005 6.45 110.50 
12/01/2005 7.28 84.28 28/01/2005 3.55 106.60 
13/01/2005 3.98 77.54 29/01/2005 6.98 17.43 
14/01/2005 6.90 67.38 30/01/2005 5.74 14.23 
15/01/2005 5.95 5.96 31/01/2005 5.19 55.47 
16/01/2005 6.41 1.97 Jan 2005 5.11 35.77 
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5.6.6 February 2005 
February is the last month of summer. Outside mean temperature was 19.17 deg 
C and indoor mean temperature was 24.64 deg C. Table 5-35 summarises thermal 
performance of the Ecohome. Indoor average temperature was 5.5 deg C higher 
than outside temperature. Mean daily heating plus cooling need (17.26 deg.hr) 
was nearly half the previous month. There were 9 days in this month when poor to 
extreme discomfort occurred. 
 
Table 5-35: Thermal performance in February 2005: Other Indicators 










01/02/2005 6.57 55.55 15/02/2005 7.62 17.59 
02/02/2005 8.99 0.00 16/02/2005 6.74 0.00 
03/02/2005 5.29 0.17 17/02/2005 6.42 6.43 
04/02/2005 5.65 0.00 18/02/2005 3.08 25.10 
05/02/2005 5.06 0.00 19/02/2005 6.61 1.38 
06/02/2005 6.07 4.88 20/02/2005 5.20 0.00 
07/02/2005 3.28 40.48 21/02/2005 5.07 30.66 
08/02/2005 7.40 3.77 22/02/2005 5.54 32.66 
09/02/2005 5.91 0.02 23/02/2005 2.72 67.78 
10/02/2005 6.43 0.00 24/02/2005 3.34 78.88 
11/02/2005 5.79 0.69 25/02/2005 6.68 0.69 
12/02/2005 6.43 0.00 26/02/2005 5.05 0.00 
13/02/2005 6.61 7.70 27/02/2005 5.57 2.76 
14/02/2005 2.38 51.56 28/02/2005 1.67 54.50 
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5.6.7 March 2005 
March is the start of autumn in Melbourne. Temperature continues to drop 
resulting in a lower heating demand. Outside mean temperature was 18.41 deg C 
and indoor mean temperature was 23.39 deg C. Table 5-36 presents daily thermal 
performance. There were four days when high heating/cooling demand (>40 
deg.hr) was created. Otherwise, most of the days heating plus cooling need was 
minimal. The Ecohome was about 5 deg C warmer than outside temperature.  
 
Table 5-36: Thermal performance in March 2005: Other Indicators 










01/03/2005 3.25 95.71 17/03/2005 4.13 0.00 
02/03/2005 7.39 1.80 18/03/2005 4.84 1.13 
03/03/2005 6.29 5.84 19/03/2005 3.97 9.66 
04/03/2005 5.01 0.23 20/03/2005 4.42 24.08 
05/03/2005 7.05 0.00 21/03/2005 5.83 5.87 
06/03/2005 4.59 5.59 22/03/2005 5.65 0.00 
07/03/2005 4.46 0.00 23/03/2005 5.13 0.18 
08/03/2005 4.91 0.00 24/03/2005 5.80 0.00 
09/03/2005 5.06 0.00 25/03/2005 5.29 0.00 
10/03/2005 4.78 0.00 26/03/2005 6.09 11.85 
11/03/2005 4.00 16.24 27/03/2005 4.65 1.89 
12/03/2005 2.17 44.19 28/03/2005 5.33 0.00 
13/03/2005 3.88 64.67 29/03/2005 4.38 0.00 
14/03/2005 6.61 41.77 30/03/2005 3.74 18.55 
15/03/2005 6.62 1.49 31/03/2005 3.63 24.97 
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5.6.8 April 2005 
April is a month of moderate temperature in Melbourne. Outside mean 
temperature was 18.66 deg C. Corresponding indoor mean temperature was 
23.50 deg C. Ecohome was 4.84 deg C warmer than outside. Table 5-37 presents 
thermal performance of Ecohome during this month. There were only four days in 
the entire month (1st, 2nd, 9th and 10th) when high heating and cooling demand 
(>40 deg.hr) was created. 
 
Table 5-37: Thermal performance in April 2005: Other Indicators 










01/04/2005 1.78 49.56 16/04/2005 4.99 0.00 
02/04/2005 1.58 63.39 17/04/2005 2.98 0.39 
03/04/2005 5.39 24.63 18/04/2005 5.51 0.00 
04/04/2005 6.24 0.00 19/04/2005 6.23 0.00 
05/04/2005 6.47 1.21 20/04/2005 6.27 0.37 
06/04/2005 6.48 0.00 21/04/2005 5.33 3.29 
07/04/2005 5.52 0.00 22/04/2005 5.96 6.53 
08/04/2005 1.88 23.65 23/04/2005 5.47 0.56 
09/04/2005 0.82 70.59 24/04/2005 1.92 0.00 
10/04/2005 4.04 81.54 25/04/2005 5.51 0.00 
11/04/2005 8.12 8.67 26/04/2005 6.65 0.00 
12/04/2005 7.59 1.75 27/04/2005 5.89 0.00 
13/04/2005 3.54 14.53 28/04/2005 0.97 4.64 
14/04/2005 5.97 0.00 29/04/2005 6.93 0.00 
15/04/2005 4.78 0.30 30/04/2005 4.46 3.75 
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5.6.9 May 2005 
Partial data for May 2005 was available (Table 5-38). This is the last month of 
autumn season. Outside mean temperature was 14.46 deg C and indoor mean 
temperature was 19.51 deg C. Good to excellent comfort was achieved in all days. 
Mean daily heating and cooling demand was low (7.15 deg.hr). Ecohome was 5.05 
deg C warmer. 
 
Table 5-38: Thermal performance in May 2005: Other Indicators 










01/05/2005 6.03 0.00 09/05/2005 7.20 20.60 
02/05/2005 5.39 14.55 10/05/2005 5.87 22.25 
03/05/2005 2.29 1.81 11/05/2005 3.78 10.29 
04/05/2005 2.31 0.00 12/05/2005 5.60 0.53 
05/05/2005 3.58 0.00 13/05/2005 5.55 1.77 
06/05/2005 5.67 0.00 14/05/2005 5.20 15.72 
07/05/2005 5.02 0.05 15/05/2005 4.99 6.35 

















CHAPTER 5  THE CAIRNLEA ECOHOME: THERMAL PERFORMANCE  
5-49  SYED RAHMAN 
5.6.10 July 2005 
Partial data are available in this month. July is the coldest month in Melbourne. 
Therefore high heating demand is expected. Table 5-39 below presents thermal 
performance during this month. Poor to extreme discomfort occurred nearly in all 
days. Outside mean temperature was 13.63 deg C while indoor mean temperature 
was 16.89 deg C. Ecohome was only 3.26 deg C warmer than outside, which is 
significantly lower than average (5 deg C).  
 
Table 5-39: Thermal performance in July 2005: Other Indicators 










26/07/2005 2.97 31.87 29/07/2005 3.22 18.87 
27/07/2005 2.70 40.88 30/07/2005 3.90 48.32 
28/07/2005 2.43 25.60 31/07/2005 4.30 38.09 
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5.6.11 August 2005 
August is the last month of winter season. Outside Monitoring data shows this was 
the coldest month in the entire monitoring period. Outside mean temperature was 
12.08 deg C and indoor mean temperature was 15.63 deg C. Ecohome was only 
3.55 deg C warmer than outside during this month which is significantly lower than 
average (5 deg C) (Table 5-40). Poor to extreme discomfort resulted in all but 3 
days. Daily mean heating plus cooling demand was the highest (63.93 deg.hr). 
 
Table 5-40: Thermal performance in August 2005: Other Indicators 










01/08/2005 4.47 51.27 17/08/2005 3.89 47.66 
02/08/2005 3.25 39.95 18/08/2005 0.54 39.91 
03/08/2005 3.13 26.12 19/08/2005 1.98 29.44 
04/08/2005 6.33 59.96 20/08/2005 3.17 39.91 
05/08/2005 4.49 91.30 21/08/2005 2.59 47.73 
06/08/2005 3.76 62.67 22/08/2005 4.86 83.85 
07/08/2005 2.67 86.94 23/08/2005 3.68 94.14 
08/08/2005 3.24 78.21 24/08/2005 3.73 87.61 
09/08/2005 2.53 77.84 25/08/2005 3.77 67.71 
10/08/2005 6.46 128.25 26/08/2005 5.07 50.38 
11/08/2005 5.14 143.43 27/08/2005 3.85 59.94 
12/08/2005 4.29 124.41 28/08/2005 1.92 16.67 
13/08/2005 2.27 57.53 29/08/2005 1.78 3.21 
14/08/2005 2.02 91.93 30/08/2005 2.60 0.40 
15/08/2005 2.89 95.59 31/08/2005 6.01 28.26 
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5.6.12 September 2005 
Partial data are available during this month and are presented in Table 5-41. 
September belongs to spring season. Temperature was colder than usual. Outside 
mean temperature was only 13.32 deg C. Indoor mean temperature during this 
month was 16.99 deg C which was 3.68 deg C warmer than outside. Therefore 
high heating and cooling demand was created. Daily mean heating plus cooling 
demand stood at 42.08 deg.hr. 17 days out of 22, poor to extreme discomfort was 
experienced. 
 
Table 5-41: Thermal performance in September 2005: Other Indicators 










01/09/2005 5.33 71.11 12/09/2005 4.74 86.21 
02/09/2005 5.41 53.68 13/09/2005 3.67 68.50 
03/09/2005 3.76 45.44 14/09/2005 2.88 48.91 
04/09/2005 5.24 43.85 15/09/2005 4.48 51.03 
05/09/2005 5.22 38.73 16/09/2005 4.42 67.32 
06/09/2005 4.33 37.51 17/09/2005 3.93 98.04 
07/09/2005 1.51 24.51 18/09/2005 3.24 57.40 
08/09/2005 0.52 0.56 19/09/2005 2.93 26.82 
09/09/2005 1.18 0.00 20/09/2005 4.24 29.90 
10/09/2005 3.65 0.00 21/09/2005 2.57 31.35 
11/09/2005 6.13 41.49 22/09/2005 1.51 3.35 
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5.6.13 October 2005 
Table 5-42 presents thermal performance during this month. Moderate 
temperature was observed in October 2005. Outside mean temperature was 16.39 
deg C which resulted an indoor mean temperature of 20.33 deg C. All but three 
days, good to excellent thermal comfort was achieved in the Ecohome. Daily mean 
heating and cooling demand was among the lowest (7.27 deg.hr). Ecohome was 
about 4 degrees warmer than outside. 
 
Table 5-42: Thermal performance in October 2005: Other Indicators 










05/10/2005 2.41 0.02 19/10/2005 2.82 0.00 
06/10/2005 4.48 13.81 20/10/2005 3.60 0.00 
07/10/2005 4.36 26.52 21/10/2005 3.57 0.00 
08/10/2005 4.77 32.72 22/10/2005 3.62 0.00 
09/10/2005 3.44 31.47 23/10/2005 1.70 0.00 
10/10/2005 3.04 17.00 24/10/2005 4.03 0.00 
11/10/2005 5.43 2.04 25/10/2005 4.81 0.00 
12/10/2005 4.86 19.94 26/10/2005 2.90 0.00 
13/10/2005 3.07 9.82 27/10/2005 4.42 0.95 
14/10/2005 6.09 6.61 28/10/2005 2.99 0.93 
15/10/2005 5.07 19.80 29/10/2005 2.32 0.00 
16/10/2005 5.24 11.13 30/10/2005 5.14 0.00 
17/10/2005 4.79 0.19 31/10/2005 3.67 3.37 
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5.6.14 November 2005 
Table 5-43 presents the daily values of thermal performance during this month. 
November 2005 was fairly warmer than the previous month. Outside mean 
temperature was 19.08 deg C which resulted an indoor mean temperature of 
23.63 deg C. Ecohome was about 4.5 deg C warmer than outside. All but five 
days, good to excellent thermal comfort was achieved in the Ecohome. Heating 
and cooling demand was among the lowest. Mean daily heating plus cooling 
demand was only 9.7 deg.hr. 
 
Table 5-43: Thermal performance in November 2005: Other Indicators 










01/11/2005 1.71 36.31 16/11/2005 6.53 0.00 
02/11/2005 1.31 72.30 17/11/2005 3.19 16.86 
03/11/2005 3.17 28.72 18/11/2005 1.99 0.00 
04/11/2005 6.33 0.00 19/11/2005 5.50 0.00 
05/11/2005 5.25 1.76 20/11/2005 5.08 0.00 
06/11/2005 3.27 30.84 21/11/2005 5.59 0.00 
07/11/2005 3.60 9.69 22/11/2005 5.37 0.00 
08/11/2005 3.55 0.09 23/11/2005 4.62 0.45 
09/11/2005 3.89 19.12 24/11/2005 3.71 17.44 
10/11/2005 7.65 0.00 25/11/2005 1.88 31.93 
11/11/2005 6.33 0.09 26/11/2005 6.90 0.48 
12/11/2005 5.01 0.00 27/11/2005 6.10 0.00 
13/11/2005 5.89 0.00 28/11/2005 5.03 0.00 
14/11/2005 4.29 5.28 29/11/2005 2.82 2.71 
15/11/2005 7.68 0.00 30/11/2005 3.43 16.94 
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5.6.15 December 2005 
With December starts the summer season again. Thermal performance during this 
month is presented in the following Table 5-44. Although in this month, residents 
were living in the house, Ecohome did not have an air-conditioner installed yet. 
Therefore, thermal performance may be comparable to a sealed house except that 
natural ventilation would have occurred. Temperature was warmer than previous 
month with outside mean temperature being 21.24 deg C. This resulted an indoor 
mean temperature of 25.30 deg C. Ecohome was about 4 degrees warmer than 
outside. There were many days with uncomfortable indoor temperature (11 days 
with poor comfort to extreme discomfort). Mean daily heating plus cooling demand 
was high (22.66 deg.hr) in this month. 
 
Table 5-44: Thermal performance in December 2005: Other Indicators 










01/12/2005 1.07 51.30 17/12/2005 6.21 0.00 
02/12/2005 6.07 15.49 18/12/2005 5.61 0.00 
03/12/2005 5.98 0.00 19/12/2005 5.67 0.00 
04/12/2005 3.85 11.50 20/12/2005 1.15 49.25 
05/12/2005 3.71 15.24 21/12/2005 3.28 33.92 
06/12/2005 3.94 0.00 22/12/2005 5.46 0.94 
07/12/2005 3.85 0.43 23/12/2005 1.51 63.72 
08/12/2005 5.16 0.00 24/12/2005 5.17 4.42 
09/12/2005 4.31 0.00 25/12/2005 4.75 0.00 
10/12/2005 5.92 0.00 26/12/2005 4.74 10.72 
11/12/2005 3.70 18.46 27/12/2005 0.62 63.03 
12/12/2005 2.66 30.08 28/12/2005 3.59 42.05 
13/12/2005 6.63 1.07 29/12/2005 3.35 47.04 
14/12/2005 5.75 5.29 30/12/2005 2.12 91.01 
15/12/2005 2.04 30.69 31/12/2005 1.93 114.16 
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5.6.16 Summary: Other Indicators 
The Ecohome is about 5 deg C warmer than outside temperature (Table 5-45 and 
Figure 5-8) except in winter when it is about 3.5 deg C warmer. Mean daily heating 
and cooling need is, as expected, highly dependant on time of the year (Table 5-
45 and Figure 5-9).  A histogram is presented in Figure 5-10 to show the 
frequency of discomfort days (or comfort days) during the monitoring period. 
 
Table 5-45: Summary: Other Indicators 
Month / Period Deg C 
Warmer 
Mean daily  heating and 
cooling demand (Deg.Hr) 
14-30 Sept 2004 4.90 5.74 
October 2004 4.80 9.01 
November 2004 4.94 15.16 
December 2004 4.76 14.85 
January 2005 5.11 35.77 
February 2005 5.47 17.26 
March 2005 4.99 12.12 
April 2005 4.84 11.98 
1-15 May 2005 5.05 7.15 
26-31 July 2005 3.26 33.94 
August 2005 3.55 63.93 
1-22 Sept 2005 3.68 42.08 
5-31Oct 2005 3.94 7.27 
November 2005 4.56 9.70 
December 2005 4.06 22.66 
 
Thermal performance presented for these two indicators are based on average 
indoor temperature. There is potential that this will mask the possible discomforts 
in living areas. The alternative is to assess living spaces only for thermal 
performance. 
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Figure 5-8: Degrees C warmer (mean monthly values) 
 





























































































































Figure 5-9: Heating and cooling need of the Ecohome (mean monthly values) 
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5.7 Summary 
 
A key objective of this research is to identify and compile thermal performance 
indicators. The most effective thermal performance indicators are attenuation 
factor and heating plus cooling need. Time lag and Deg C warmer are simple and 
easy to understand performance indicators. Percentage time in comfort zone is 
another useful performance indicator. 
 
The Ecohome thermal performance can be summarised in the key Table A.  
    Table A: Thermal performance of Ecohome 
Performance Indicator The Ecohome 
Attenuation Factor 0.56 
Time Lag (hour: minute) 2:38  
Heating and cooling need (deg.hr) 20.57 
Degree C warmer 4.53 
Time in comfort zone (18-26 deg C) 62.5% 
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CHAPTER 6 
Prediction of Indoor Temperature 
 
6.1 Introduction 
Prediction of indoor temperature based on outside temperature was attempted by 
some authors including Givoni (1999). Statistical correlation of monitoring data can 
also give a relationship between outside temperature and the resulting inside 
temperature. In this chapter, the techniques are discussed. In addition, Ecohome 
monitoring data is used to determine the degree of accuracy various prediction 
techniques can offer.  
 
A very important issue from application point of view is whether short term monitoring 
data can reasonably be used to realistically determine the thermal performance of a 
house. Since long term monitoring cost money and time, only short term monitoring is 
feasible for widespread application. For example, MABEL at Deakin University 
(Geelong) was employed to do short term diagnostics of the Ecohome in February 
2005. They provided an assessment of the performance of the Ecohome from two 
days monitoring of the Ecohome. It would be quite interesting to see whether long 
term (more than a year) data agree with short term assessment. 
 
6.2 Statistical Method 
There are a number of weather factors that affect the indoor temperature such as 
outside temperature, wind speed, solar radiation. Thermal properties (design aspects 
and material) of the home also affect the indoor temperature. However, for a 
particular house design aspects and material do not change (or change is 
insignificant). Therefore it is the weather factors that are to be considered. For a 
sealed house, as was the case for monitoring data of the Ecohome, the single most 
important variable is the outside temperature. Therefore, it is possible to establish a 
CHAPTER 6 PREDICTION OF INDOOR TEMPERATURE  
6-2  SYED RAHMAN 
relationship between outside and indoor temperature. For illustration, monitoring data 
of January 2005 of the Cairnlea Ecohome is used. 
 
Figure 6-1 shows outside and indoor average temperature of the Ecohome. 
 





























































































































































































Outside Air Temp (Deg C) Indoor Average Temp (Deg C)
 
Figure 6-1: Outside and Indoor average temperature (January 2005 as sample data) 
 
It may be noted that there is generally a close relationship between outside and 
indoor temperature. Statistically this relation can be established using Microsoft 
Excel. To do that this graph needs to be plotted as XY scatter plot where X is the 
outside temperature and Y is the indoor average temperature. Figure 6-2 shows this 
relationship which can be correlated with a quadratic equation (second order 
polynomial).  
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Correlation Between Outside and Indoor Temperature
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Figure 6-2: Correlation between outside and indoor average temperature  
 
Therefore, the correlation equation is, 
522.10926.00081.0 2 ++−= xxy  
 
Where, y = indoor average temperature (Deg C), x = outside temperature (Deg C) 
 
This correlation has R-squared value of 0.7976 (or 79.76% correlation) which may be 
considered as a strong relation. 
 
Now, the correlation above can be used to predict indoor temperature using the 
outside temperature. This prediction can be further improved by using the concept of 
time lag. Since indoor temperature has a time lag of about 3 hours in January 2005, 
the predicted temperature is advanced 3 hours ahead and the resulting correlation is 
higher (R2 = 0.8347 or 83.47%) as shown in Figure 6-4. Figure 6-3 shows the 
predicted indoor temperature and the actual monitoring data of the same. 
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Indoor Average Temp (Deg C) Predicted Temp
 
Figure 6-3: Comparison of Actual and Predicted indoor temperature  
 
The degree of error (average) for this prediction is ±1.15º C which may be considered 
close enough for practical applications. 
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Figure 6-4: Actual and Predicted indoor temperature  
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6.3 Method by Givoni (1999) 
Givoni (1999) proposed the following relationship to relate indoor temperature with 
outside temperature: 
( )GTavgToutkDelTGTavgTin −++=  
 
Where Tin is the inside temperature; GTavg is the outside grand average temperature; 
DelT is the average elevation of inside temperature from outside temperature; k is the 
attenuation factor and Tout is the outside temperature. 
 
Figure 6-5 presents indoor temperatures calculated by Givoni Method along with 
actual monitored data. The degree of error (average) for this prediction is ±1.85º C 
which is higher than prediction by statistical method. The resulting correlation is 
64.97% as shown in Figure 6-6. The correlation is relatively low. The reason is that 
the concept of time lag has not been applied in this equation. Another reason being 
that Givoni method is intended for predicting minimum and maximum indoor 
temperature; not for instantaneous temperature. 
 




























































































































































































Indoor Average Temp (Deg C) Prediction by Givoni
 
Figure 6-5: Actual and Predicted indoor temperature by Givoni Method  
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Prediction by Givoni Method Poly. (Prediction by Givoni Method)
 
Figure 6-6: Correlation between actual and predicted indoor temperature by Givoni 
Method  
 
The degree of accuracy can be greatly improved by using a time lag of 3 hours. 
Figure 6-7 shows that by applying a time lag on Givoni Method, higher correlation 
can be achieved (84.13%). The resulting degree of error (average) is ±1.25º C, which 
is comparable to Statistical method. 
 
This prediction example utilized January 2005 data when the Ecohome was empty. 
Developed relationships would be different depending on type of occupancy and 
activities of occupants. This is because a different dataset of indoor temperatures will 
result if there are occupants. 
CHAPTER 6 PREDICTION OF INDOOR TEMPERATURE  
6-7  SYED RAHMAN 

























Prediction by Givoni Poly. (Prediction by Givoni)
 
Figure 6-7: Higher correlation by applying a time lag (3 hours) on Givoni Method 
 
6.4 Short term and Long term monitoring 
Ecohome monitoring data were collected in a research environment. Therefore 
relatively long term data (September 2004 to July 2006) were collected. On the other 
hand MABEL conducted monitoring only for two days. From an application point of 
view, it is of utmost importance to see whether a short term monitoring could agree 
with long term monitoring. Among thermal performance indicators, attenuation factor 
produced consistent values and therefore this may be utilized for this purpose.  
Figure 6-8 below graphically represents AF values derived from 2days, weekly, 
fortnightly and monthly data. 
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Entire monitoring, AF = 0.56
 
Figure 6-8: Effect of data quantity on Attenuation factor 
 
It is noted that weekly, fortnightly and monthly data produce similar attenuation factor 
whereas 2days’ data do not always agree with the rest. Therefore monitoring for a 
short term may not agree with long term monitoring. Nevertheless, short term 
monitoring is still useful but should be interpreted cautiously as the results may vary 
significantly with actual performance. 
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CHAPTER 7 
Discussion and Conclusions 
7.1 Sustainable Housing in Australia  
Among developed nations, Australia has made significant progress in sustainable 
housing. The main driving force is public awareness in the issue of climate change 
backed by legislation and financial incentives. Since the early 1990s when the 
minimum insulation regulation was introduced, the housing stock gradually 
improved its energy efficiency. However, compared to UK and European 
standards, Australia falls behind and needs to do more. Cheaper energy prices in 
Australia than Europe do not provide incentives to energy efficiency. Therefore 
rebates for solar photovoltaic panels and solar hot water system needs to be 
continued and preferably increased to boost uptake of sustainable technologies. 
 
According to AGO, Australia has steadied its greenhouse gas emissions. Its net 
GHG emissions (carbon dioxide equivalent) in 2007 were 597 million tonnes which 
was 109% of 1990 level. Therefore, Australia is not far away from its Kyoto target 
which allowed 8% increase by 2010. 
 
A large number of technical materials are available on sustainable housing and 
technologies. These include web-based “Your home technical manual” published 
by AGO and BDP design guide among others. A large number of print materials 
and instructional TV programs also educate the general public.  
 
Demonstration homes have been playing a key role in promoting interest in the 
general public. Some of the demonstration homes are listed as an example only 
and a good number of demonstration homes are available across Australia. Flats, 
apartments and townhouses constitute about 20% of Australian housing stock. 
Therefore sustainability in this area (medium density) is equally important.  
 
A large number of organisations are involved in promoting, facilitating and 
administering sustainable housing in Australia. Key organisations and their role 
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are discussed. Organisational and technical resources of these organisations may 
be deemed sufficient to achieve sustainable housing in Australia. 
 
Legislation and financial incentives are required as there is a market failure. Slow 
uptake of sustainable technologies may be expedited through mandatory 
standards and rebates for high initial cost. Currently five states and territories 
(Victoria, NSW, South Australia, Western Australia and ACT) adopted mandatory 
five star or equivalent standards. Queensland and Tasmania adopted four star 
standards while Northern Territory follows the BCA requirements. All states 
provide significant amount of rebates to sustainable technologies namely solar 
photovoltaic panels, rainwater tank and solar hot water system. In addition, 
Government of Australia decided to phase out incandescent light bulbs with 
energy efficient compact fluorescent light bulbs by 2010.  
 
In order for legislation to work, sustainability performance needs to be measurable. 
Rating tools are designed to predict performance. A good number of high quality 
rating tools are currently available in Australia. Widely used rating tools are 
discussed. Among the rating tools, FirstRate 5, BERS and AccuRate are the most 
sophisticated and widely used rating tools in Australia. Most of the rating tools are 
continually being upgraded for wider scope and improved accuracy. To meet 
legislation, only accredited professionals are to rate a building. 
 
7.2 Cairnlea Ecohome: Sustainable Outcomes 
The Ecohome at Cairnlea estate in Melbourne was built in 2003 to work as a 
display home and forms an essential part of this research. Large number of 
industry participation including VicUrban and Metricon indicates a high level of 
interest in the project. 
 
This is an emerging field and research outcomes are very important. The 
Ecohome was extensively instrumented with temperature and air quality sensors 
in order to derive quantitative evaluation. The study period was significantly long 
(about three years). In addition, thematic interviews with residents were also 
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conducted to obtain residents’ feedback. The residents also volunteered to provide 
the research with utility bills.  
 
MABEL was employed to run a diagnostics of the Ecohome in terms of thermal 
comfort, lighting, ventilation and sound proofing. Air Barrier Technologies was 
employed for a blower door test to find air leakage potential. These assessments 
are discussed. 
 
Temperature curves of the Ecohome are presented using monthly data. These 
curves give an indication of the thermal comfort derived. A comfort band of 18-26 
deg C was used after extensive literature search. It is to be noted that thermal 
comfort perception does not depend on temperature alone but a variety of other 
factors including humidity, air flow, clothing and activity level. In this research 
thermal properties of the building envelope and passive design principles were of 
more interest than thermal comfort perception of individuals. Therefore thermal 
performance using temperature is justified. 
 
Air quality of the Ecohome was found to be generally good. Humidity levels 
remained 35-45% inside although it varied considerably outside. CO2 
concentration was found to be at healthy state (below 1080 ppm by ASHRAE) in 
the ground floor but monitored data showed unusually high build up (up to 2800 
ppm) in the upstairs. Initially it was thought to be a calibration issue but cannot be 
confirmed. 
 
Energy and water usage depend not only on design but also on occupants user 
patterns and behaviour. Ecohome is a large house and on average five people 
lived in the Ecohome which is twice the average Melbourne household size (2.5). 
Therefore energy and water usage was compared on per capita basis. From 
approximately one year utility bills collected; water savings in the Ecohome was 
45% and electricity savings about 30%. Gas usage was slightly lower (23.4 
GJ/person/year compared to 24.0 GJ/person/year) but no significant difference. It 
is to be noted that gas was the energy source for space heating, water heating 
and cooking in the house. Gas usage was relatively more because there were two 
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elderly people living in the house. They required additional heating and cooling 
during the day which otherwise would not be needed.  
 
The residents expressed their satisfaction with most of the sustainability features 
including rainwater tank, solar hot water system, recycling chutes, solar PV 
panels, compost bin, grey water recycling and AAA rated water fixtures. Hydronic 
heaters and Venmar ventilation enjoyed positive feedback until fitting faults 
appeared. The residents did not like sisal carpets. The main complaints were that 
sisal carpets were hard and difficult to clean. 
 
7.3 Thermal Performance Indicators 
A key outcome of this research is to investigate thermal performance indicators 
that can be used when indoor and outdoor temperature monitoring data are 
available. A number of thermal performance indicators are proposed: 
• Attenuation factor 
• Time lag 
• Heating and cooling demand (in degree.hours) 
• Percentage time in comfort zone 
• Degrees warmer (or cooler) 
 
These performance indicators were utilized to determine thermal performance of 
the Ecohome, a summary of which is presented in Table 7-1. In addition, an 
acceptable range of sustainability parameters for a five star home is proposed.  
    Table 7-1: Thermal performance of Ecohome 
Performance Indicator The Ecohome Acceptable range for a 5 
star home (proposed) 
Attenuation Factor 0.56 0.50 – 0.60 
Time Lag (hour: minute) 2:38  2:30 – 3:00 
Heating and cooling need (deg.hr) 20.57 15 - 25 
Degree C warmer 4.53 4.0-5.0 
Time in comfort zone (18-26 deg C) 60% 60% - 70% 
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In the absence of similar studies, a comparison with another sustainable home 
was not possible. However, in future studies the performance results presented 
here will be useful. A guideline of what the numbers may signify was attempted in 
this study specially in the case of attenuation factor and heating plus cooling 
demand (in degree hours).  
Among the indicators, attenuation factor and heating plus cooling demand were 
found to be the most useful. Time in comfort zone is another suitable indicator 
while time lag and Degrees warmer (or cooler) may also be conveniently used but 
care should be taken in their interpretations. 
 
Thermal performance indicators have the following limitations 
• The values should not be taken in absolute terms; rather a range is 
more suitable 
• The values are for a particular set of outside temperature; they will 
not be the same for another set of outside temperature. 
• The values shown as performance largely dependant on outside 
temperature (and other weather parameters such as wind speed, 
solar radiation, rainfall, humidity etc). There is no certainty that the 
same values will be reproduced in a same set of outside temperature 
but different set of other weather parameters. 
 
Therefore, thermal performance indicators should be interpreted cautiously when a 
comparison is made with another sustainable home in a different location and a 
different climatic condition. Nevertheless, this is an improvement over qualitative 
assessment. 
 
7.4 Prediction of Indoor Temperature 
Thermal properties of a building do not change. Therefore, prediction of indoor 
temperature is possible if the relationship between indoor and outdoor temperature 
can be established.  The only issue is some weather parameters such as solar 
radiation, humidity, wind speed and rainfall also affect the indoor temperature. The 
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error in prediction is introduced from these parameters. Having said that a 
reasonable prediction is still possible.  
 
Two methods are discussed: statistical method and Givoni Method.  Using a 
sample set of data (January 2005 data), a relationship is established between 
indoor and outdoor temperature. Then using this relationship indoor temperature is 
predicted. The resulting predicted temperature is then compared with actual 
monitoring data. It is observed that both methods produce a strong correlation with 
an R-squared value close to 84%.  
 
Thermal performance outcomes are dependant on monitoring duration. Long term 
monitoring is suitable in a research environment while short term monitoring is 
desired in application point of view. It was investigated whether short term data 
would agree with long term monitoring using one of the indicators – attenuation 
factor. It was revealed that weekly, fortnightly or monthly data agree with the long 
term data within a smaller margin but a shorter duration than that do not. 
Therefore, it is recommended that at least one week monitoring should be 
attempted to derive representative performance of a sustainable home. 
 
7.5 Further Research 
A key limitation of this research has been our inability to compare the performance 
of Ecohome with a similar home (or homes) in the project area. The usage of 
energy and water could be different in the project area than average Melbourne 
home. Therefore this issue is an area for further research. 
 
Additional instrumentation should have been done to investigate water usage in 
different area of the house. Water meters in the kitchen, bathrooms and rainwater 
tank could have derived more interesting results. 
 
A thermal model of the Ecohome using FLUENT (a computational fluid dynamics -
CFD tool) was originally intended to be carried out. This could not be done due to 
variety of reasons. This should be an interesting area of research.  
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Prediction of indoor temperature can be further improved if the effect of other 




8-1  SYED RAHMAN 
REFERENCES 
Australian Institute of Architects (AIA). 2009. Environment Design Guide, 
http://www.environmentdesignguide.net.au/pages/content.php, accessed December 2009. 
Anders, H. C. 2003. Evaluation of the thermal performance of the new ETC (Waalitj) 
building in winter, Final report, August 2003, Environmental Technology Centre, Murdoch 
University, Perth, Australia, pp 52-54. 
Australian Bureau of Statistics (ABS). 2007. Larger dwellings, smaller households, 
Australian Social Trends 2007, ABS Catalogue 4102.0, ISSN 1321-1781, pp1-4. 
Australian Building Codes Board (ABCB). 2007. About the ABCB. 
http://www.abcb.gov.au/go/about-abcb/about, accessed 21 November 2007. 
Australian Government. 2006. Regulation Impact Statement: Proposal to Amend the 
Building Code of Australia to increase the Energy Efficiency Requirements for Houses, 
March 2006. 
Australian Government. 2009. Renewable Energy Certificates, 
http://www.orer.gov.au/recs/index.html, date accessed 01 March 2009. 
Australian Greenhouse Office (AGO). 2002. Appliance Electricity End-Use: Weather and 
Climate Sensitivity Report, A project for the Australian Greenhouse Office, Canberra, 
Australia, p. 69. 
Australian Greenhouse Office (AGO). 2005. Your home technical manual- design for 
lifestyle and the future. http://www.greenhouse.gov.au/yourhome/technical/fs75h.htm, 
accessed October 2007. 
Australian Institute of Urban Studies (AIUS). 2007. 
http://www.aius.org.au/indicators/sectiontype.cfm?ThemeID=4&SectionTypeID=1, 
accessed October 2007. 
Barwon Water. 2009. The future of urban living is here - Sharland Oasis, 
http://www.barwonwater.vic.gov.au/index.cfm?h2o=environment.sharland_oasis, 
accessed December 2009. 
Basso, A & Caram, R M. 2004. Evaluation of natural illumination and thermal comfort 
conditions in the Ribeirao Petro's Technological Village, Energy and Buildings, 36 (2004) 
638-642. 
 REFERENCES 
8-2  SYED RAHMAN 
Building Commission. 2005. 5 star- what to do now and for the future, 
http://www.buildingcommission.com.au/asset/1/upload/5_Star_Booklet_final_LR.pdf, 
accessed October 2005. 
Building Commission. 2008. 5 star for new houses, home renovations and relocations, p2.  
Building Commission. 2008a. BCA 2008- alterations and relocations of existing homes, 
Inform, issue 37, March 2008, page 6. 
Building Commission. 2009. Will the 5 star standard increase building costs? 
http://www.5starhouse.vic.gov.au/5_star_house_know.htm, accessed December 2009. 
Bureau of Meteorology (BOM). 2007. http://www.bom.gov.au/climate/map/heating-cooling-
degree-days/IDCJCM0017_heating_cooling_degdays.shtml , accessed 10 September 
2007 
Buys L, Bailey C, Barnett K. 2004. How easy is it being “green” in sustainable housing? 
Residents experiences with smart housing design, Proc. Social Change in the 21st 
Century Conference, 2004. 
Buys L, Barnett K, Miller E, Bailey C. 2005. Smart housing and social sustainability: 
learning from the residents of Queensland’s Research House, Aust J of Emerging 
Technologies and Society, 3, No. 1, 43-57. 
Commonwealth of Australia. 1999. Australian residential building sector greenhouse gas 
emissions 1990-2010, Australian Greenhouse Office, Department of the Environment and 
Heritage, http://www.greenhouse.gov.au/buildings/publications/residential.html, accessed 
November 2007. 
Commonwealth of Australia. 2007. Your home technical manual, 
http://www.greenhouse.gov.au/yourhome/technical/index.htm, accessed November 2007. 
Commonwealth of Australia. 2008. Your home technical manual, 
http://www.yourhome.gov.au/technical/, fourth edition, 2008, accessed December 2009. 
Commonwealth of Australia. 2008a. Your home technical manual, 
http://www.yourhome.gov.au/technical/fs89.html, accessed December 2009. 
Department of Climate Change (DCC). 2009. National Greenhouse Gas Inventory- Kyoto 
Protocol Accounting Framework, 
http://www.ageis.greenhouse.gov.au/Chart_KP.aspx?OD_ID=9455103442&TypeID=2, 
accessed 7 June 2009. 
 REFERENCES 
8-3  SYED RAHMAN 
Department of Environment and Climate Change (DECC). 2008. NABERS, 
http://www.environment.nsw.gov.au/government/nabers.htm, date accessed 15 November 
2008. 
Department of Housing. 2008. Queensland Government, An overview of smart housing, 
http://www.build.qld.gov.au/smart_housing/, accessed 07 Nov 2008. 
Department of Infrastructure (DOI). 2002. State of Victoria, Melbourne 2030- planning for 
sustainable growth, ISBN 0 7311 8739 3, October 2002, pp.12-15. 
Durney, J and Desai, P.2004.  Z squared: Enabling one planet living in the Thames 
Gateway, Report, BioRegional, November 2004. 
Edwards, B. 2000. Sustainable Housing Principles and Practice, edited by Brian Edwards 
and David Turrent, Taylor and Francis, ISBN 0419246207, p10. 
Essential Services Commission (ESC). 2007. Natural gas forecasts and customer number 
forecasts for the Multinet distribution region to 2015, Report, Page 41. 
Gardner, T, Hyde, R, Millar, G and Vieritz, A. 2002. The Healthy Home- A step towards 
greening paradise, Proceedings of 4th Queensland Environmental Engineering 
Conference, Brisbane, May 2002. 
Garnaut, Ross. 2008. The Garnaut climate change review, Final report, Cambridge 
University Press. (online at www.garnautreview.org.au) 
Givoni, B., 1999. Minimum climatic information needed to predict performance of passive 
buildings in hot climates. In: Proceedings of PLEA ‘99, Brisbane, Australia. pp. 197–202. 
Green Building Council Australia. 2008. Green star rating tools, 
http://www.gbca.org.au/green-star/rating-tools/green-star-rating-tools/953.htm, date 
accessed 03 Nov 2008. 
Hawken, P, Lovins, A B, Lovins, L H. 1999. “Natural Capitalism the next industrial 
revolution”, Earthscan Publications Ltd, London. 
Hearn Scientific Software. 2008. AccuRate by CSIRO, 
http://www.hearne.com.au/products/accurate/, accessed November 2008. 
Hes, D. 2005. Facilitating ‘green’ building: turning observation into practice, PhD thesis, 
School of Architecture and Design, RMIT University, Australia, March 2005, p.11. 
HIA (Housing Industry Association). 2002. Housing Australians-in partnership with HIA, 
Housing Industry Association, Report, 2002. 
 REFERENCES 
8-4  SYED RAHMAN 
HIA (Housing Industry Association). 2008. HIA GreenSmart, 
http://hia.com.au/hia/channel/Builder/region/National/classification/Greensmart/Greensma
rt%20On%20Display%20v2.aspx , date accessed 6 Nov 2008. 
James, N and Desai, P.2003. One planet living in the Thames Gateway, a WWF-UK one 
million sustainable homes campaign report, BioRegional development group, June 2003. 
Karlson, J H, Smith,  M H. 2005. The Natural Advantage of Nations- business 
opportunities, innovation and governance in the 21st century, Earthscan, United Kingdom. 
Kruger, E & Givoni, B. 2004. Predicting thermal performance in occupied dwellings, 
Energy and Buildings 36 (2004) 301-307. 
Landcom. 2008. Landcom – a brief history, http://www.landcom.com.au/history.aspx, date 
accessed 3 Nov 2008. 
Luther, M. 2005. Performance assessment of the internal environment for the Metricon 
Ecohouse, Report, Deakin University, April 2005, pp.12-13. 
Minnery, JR. 1992. Urban form and development strategies: equity, environmental and 
economic implications, 1992, Australian Government Publishing Service, Canberra. 
Mobbs, M. 1998. Sustainable House, Choice Books, NSW, Australia. 
Natural Resources Canada (NRC).2005. The state of energy efficiency in Canada. Report 
2005, Office of energy efficiency, Natural Resources Canada, pp.18-19. 
Natural Resources Canada (NRC).2005a. Test house lights the way to energy innovation, 
http://www.nrcan.gc.ca/elements/issues/02/energy_e.html, accessed October 2005. 
Oikonomou, A. 2005. Summer thermal comfort in traditional buildings of the 19th century in 
Florina, north-western Greece, Proc. International Conference on Passive and Low 
Energy Cooling for the Built Environment, May 2005, Santorini, Greece, pp.239-244. 
Planning SA. 2008. Energy efficient housing, 
http://www.planning.sa.gov.au/index.cfm?objectid=1F05999B-96B8-CC2B-
691B6F3A96013410, accessed 7 Nov 2008. 
Queensland Government. 2006. Research House: analysis of annual water use, report, 
June 2006. 
Queensland Government. 2006a. Research House: energy use study report, May 2006. 
Rahman, S, Patnaikuni, I, & Silva, SD. 2007. Energy Smart Housing and the Thermal 
Performance of the Ecohome, Australian Journal of Civil Engineering 3(1), 2007, pp. 1-11. 
 REFERENCES 
8-5  SYED RAHMAN 
Rogers, S & Holroyd, C. 2007. Research on energy and water use compared to 
established benchmarks, report May 2007, p.9. 
Rosenlund, H. 2000. Climatic design of buildings using passive techniques, Buildings 
Issues 10(1), 2000, pp 3-26. 
SEDO (Sustainable Energy Development Office). 2008. About us, 
http://www.sedo.energy.wa.gov.au/pages/about.asp, date accessed 6 Nov 2008. 
SEDO (Sustainable Energy Development Office). 2008a. Highlights and achievements 
2006-07, http://www.sedo.energy.wa.gov.au/pdf/sedo_highlights.pdf, accessed 6 Nov 
2008. 
Sibley, J, Hes D & Martin F. 2003. A triple helix approach: An inter-disciplinary approach 
to research into sustainability in outer suburban housing estates, Proc. Methodologies in 
Housing Research Conference, Stockholm, Sweden, September 2003. 
Sustainable Energy Authority Victoria (SEAV). 2004. Strategic plan 2004-2007: Our 
response to the challenge, p.32. 
Sustainability Victoria. 2008. Who we are, 
http://www.sustainability.vic.gov.au/www/html/1722-who-we-are.asp, accessed 3 Nov 
2008. 
Sugo, H O, Page, A W & Moghtaderi, B. 2004. A comparative study of the thermal 
performance of cavity and brick veneer construction, Proc. 13th International Brick and 
Block Masonry Conference, Eindhoven, Holland, July 2004, Edited by D Martens and A 
Vermeltfoort, ISBN 90-90-18294-2, Vol. 3, pp. 767-776. 
Smart Water Fund (SWF). 2008. Building water smart homes and gardens, 
http://www.smartwater.com.au/News/Documents/Newsletters/SWF_Newsletter_October2
008.pdf, accessed December 2009. 
The Hindu. 2007. Cementing a new future, 
http://www.hindu.com/pp/2007/01/27/stories/2007012700420200.htm, Online edition (The 
Hindu), Sat Jan 27, 2007, date accessed December 2009. 
Thomas, J M, Algohary, S & Hammad, F. 2006. Material selection for thermal comfort in 
passive solar buildings, Journal of Material Science, 41 (2006) 6897-6907. 
Urban Ecology Australia (UEA). 2008. Christie Walk, 
http://www.urbanecology.org.au/christiewalk/, accessed 30 Oct 2008. 
 REFERENCES 
8-6  SYED RAHMAN 
Urban Ecology Australia (UEA). 2009. Energy conservation, 
http://www.urbanecology.org.au/christiewalk/index.html#energyconservation, accessed 
December 2009. 
Urban Rainwater Systems Pty Ltd (URS). 2007.  
http://www.urbanrainwater.com/domestic.htm, accessed June 2007. 
Water Services Association of Australia (WSAA) 2001. The Australian Urban Water 
Industry WSAA Facts 2001, Water Services Association of Australia Inc. Melbourne, 
Australia, ISSN 1328-2751. 
Wesley Mission. 2009. The Ecohome and Ecovillage, 
http://www.wesleymission.org.au/publications/green_c/ecohome.asp, accessed December 
2009. 
Willrath, H. 1998. Comparison of the thermal performance of free running and conditioned 
houses in the Brisbane Climate, Proc. Architectural Science Association, July 1998. 
Zain, Z M, Taib, M N & Baki, S M S. 2007. Hot and humid climate: prospect for thermal 
comfort in residential building, Desalination 209 (2007) 261-268. 
APPENDIX A AIR QUALITY CURVES  
A-1  SYED RAHMAN 
APPENDIX A 
 



































































































































































































Up Stairs CO2 (ppm) Living CO2 (ppm) Outside Humidity (% RH)
Upstairs Humidity (% RH) Living Humidity (% RH)
 
 
Figure A-1: Air quality of the Ecohome, September 2004 
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Figure A-2: Air quality of the Ecohome, October 2004 
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Figure A-3: Air quality of the Ecohome, November 2004 
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Figure A-4: Air quality of the Ecohome, December 2004 
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Figure A-5: Air quality of the Ecohome, January 2005 
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Figure A-6: Air quality of the Ecohome, February 2005 
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Figure A-7: Air quality of the Ecohome, March 2005 
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Figure A-8: Air quality of the Ecohome, April 2005 
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Figure A-9: Air quality of the Ecohome, 1-15 May 2005 
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Figure A-10: Air quality of the Ecohome, 1-8 June 2005 
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Figure A-11: Air quality of the Ecohome, 25-31 July 2005 
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Figure A-12: Air quality of the Ecohome, August 2005 
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Figure A-13: Air quality of the Ecohome, September 2005 
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Figure A-14: Air quality of the Ecohome, 24-31 October 2005 (sealed house) 
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Figure A-15: Air quality of the Ecohome, November 2005 (occupied) 
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Figure A-16: Air quality of the Ecohome, December 2005 (occupied) 
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Figure A-17: Air quality of the Ecohome, January 2006 (occupied) 
 
 


























































































































































































Up Stairs CO2 (ppm) Living CO2 (ppm) Outside Humidity (% RH)
Upstairs Humidity (% RH) Living Humidity (% RH)
 
 
Figure A-18: Air quality of the Ecohome, 1-15 February 2006 (occupied) 
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Figure A-19: Air quality of the Ecohome, 26-31 May 2006 (occupied) 
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Figure A-20: Air quality of the Ecohome, June 2006 (occupied) 
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Figure A-21: Air quality of the Ecohome, July 2006 (occupied) 
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Table B-1: Attenuation Factor (0.5115) for September 2004 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
14/09/2004 10.52 17.75 17.19 21.17 0.5513 
15/09/2004 11.01 15.03 16.49 19.43 0.7299 
16/09/2004 9.59 15.56 15.94 18.46 0.4214 
17/09/2004 7.25 18.27 15.34 21.63 0.5710 
18/09/2004 10.08 16.31 16.99 21.65 0.7478 
19/09/2004 6.84 16.52 17.25 22.09 0.5009 
20/09/2004 7.61 24.45 17.01 26.03 0.5356 
21/09/2004 12.98 25.41 18.20 26.79 0.6910 
22/09/2004 14.01 24.88 20.24 22.81 0.2358 
23/09/2004 10.63 16.3 18.68 20.88 0.3873 
24/09/2004 12.03 17.68 17.85 20.23 0.4217 
25/09/2004 12.37 19.08 18.16 22.90 0.7064 
26/09/2004 12.68 23.68 17.80 23.56 0.5235 
27/09/2004 8.75 20.25 18.13 21.64 0.3050 
28/09/2004 7.77 21.41 16.08 20.73 0.3407 
29/09/2004 9.03 17.78 17.35 21.72 0.4994 
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Table B-2: Attenuation Factor (0.5690) for October 2004 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/10/2004 8.08 20 15.56 22.65 0.5953 
02/10/2004 8.63 20.85 16.50 23.57 0.5782 
03/10/2004 11.31 17.56 18.34 21.10 0.4423 
04/10/2004 11.95 19.71 17.10 22.16 0.6519 
05/10/2004 10.3 19.97 17.18 22.79 0.5806 
06/10/2004 12.6 23.38 18.33 26.22 0.7318 
07/10/2004 11.63 19.69 17.51 22.04 0.5615 
08/10/2004 9.84 17.52 15.68 19.85 0.5432 
09/10/2004 10.55 17.51 16.59 21.45 0.6991 
10/10/2004 7.64 28.06 15.59 25.81 0.5006 
11/10/2004 16.55 30.25 19.98 27.89 0.5776 
12/10/2004 12.73 33.61 20.85 31.24 0.4973 
13/10/2004 14.23 28.38 22.49 28.01 0.3902 
14/10/2004 10.53 18.28 19.39 22.79 0.4383 
15/10/2004 7.25 15.47 16.45 20.26 0.4635 
16/10/2004 4.78 15.49 14.57 21.28 0.6260 
17/10/2004 6.42 17.37 16.79 23.74 0.6355 
18/10/2004 6.59 17.88 16.69 23.31 0.5861 
19/10/2004 9.86 22.22 17.60 25.22 0.6170 
20/10/2004 10.16 26.84 18.38 27.29 0.5340 
21/10/2004 13.4 28.51 20.70 28.54 0.5185 
22/10/2004 13.09 24.06 21.66 27.49 0.5316 
23/10/2004 12.62 18.48 20.92 23.47 0.4361 
24/10/2004 10.25 17.42 19.26 24.63 0.7494 
25/10/2004 9.54 21.3 19.86 25.19 0.4532 
26/10/2004 10.29 25.74 18.57 22.75 0.2705 
27/10/2004 9.65 14.98 16.22 21.47 0.9850 
28/10/2004 9.93 15.31 15.47 18.53 0.5690 
29/10/2004 11.21 15.89 15.64 20.34 1.0040 
30/10/2004 12.34 26.18 16.99 26.68 0.6999 
31/10/2004 14.04 29.91 19.62 29.27 0.6076 
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Table B-3: Attenuation Factor (0.5221) for November 2004 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/11/2004 13.94 24.73 22.77 25.68 0.2702 
02/11/2004 9.32 21.67 17.28 23.36 0.4921 
03/11/2004 7.32 16.56 15.03 20.60 0.6025 
04/11/2004 7.24 18.86 15.83 19.22 0.2921 
05/11/2004 12.43 18.15 17.65 20.60 0.5152 
06/11/2004 11.88 15.35 17.18 18.84 0.4772 
07/11/2004 10.73 16.49 16.06 19.13 0.5332 
08/11/2004 10.73 16.81 15.81 20.20 0.7232 
09/11/2004 12.7 19.8 17.58 24.28 0.9433 
10/11/2004 11.04 26.79 19.13 27.12 0.5069 
11/11/2004 13.93 21.5 20.99 25.08 0.5405 
12/11/2004 11.63 25.07 19.17 26.48 0.5435 
13/11/2004 10.19 17.74 19.74 22.32 0.3425 
14/11/2004 12.94 21.42 18.88 23.76 0.5758 
15/11/2004 13.43 20.03 19.70 23.46 0.5701 
16/11/2004 9.23 24.21 18.63 26.64 0.5347 
17/11/2004 10.96 30.36 20.22 29.99 0.5034 
18/11/2004 15.59 26.25 23.61 26.09 0.2325 
19/11/2004 11.7 19.34 20.74 23.99 0.4263 
20/11/2004 7.95 17.95 18.21 24.06 0.5853 
21/11/2004 9.65 19.33 18.91 24.18 0.5444 
22/11/2004 11.88 16.93 18.88 22.64 0.7440 
23/11/2004 11.98 19.82 18.54 24.64 0.7773 
24/11/2004 13.55 21.51 19.51 26.05 0.8207 
25/11/2004 13.49 27.11 20.64 28.91 0.6070 
26/11/2004 15.36 37.58 23.03 34.08 0.4971 
27/11/2004 22.03 35.07 27.09 31.07 0.3058 
28/11/2004 16.91 25.04 26.52 30.47 0.4864 
29/11/2004 11.78 32.53 23.40 31.37 0.3841 
30/11/2004 19.94 27.27 26.65 28.74 0.2849 
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Table B-4: Attenuation Factor (0.5337) for December 2004 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/12/2004 11.69 20.47 21.66 26.38 0.5384 
02/12/2004 9.85 17.37 19.31 22.16 0.3797 
03/12/2004 9.25 20.5 18.21 24.89 0.5937 
04/12/2004 12.51 29.99 20.11 28.59 0.4850 
05/12/2004 12.85 27.54 22.44 29.76 0.4984 
06/12/2004 14.24 33.58 23.04 30.41 0.3809 
07/12/2004 17.84 25.06 24.44 28.12 0.5101 
08/12/2004 17.44 22.51 23.10 25.21 0.4176 
09/12/2004 17.97 27.99 23.11 27.12 0.3996 
10/12/2004 17.47 30.8 23.30 29.02 0.4289 
11/12/2004 17.94 29.08 23.37 29.91 0.5869 
12/12/2004 17.99 29.74 24.57 29.68 0.4347 
13/12/2004 16.51 19.82 22.01 25.05 0.9167 
14/12/2004 13.35 20.27 20.34 23.32 0.4296 
15/12/2004 11.8 19.94 18.71 24.83 0.7524 
16/12/2004 11.26 25.06 19.76 26.54 0.4913 
17/12/2004 14.46 25.51 21.13 28.73 0.6877 
18/12/2004 15.13 36.04 22.92 33.10 0.4867 
19/12/2004 14.34 28.1 23.38 29.86 0.4709 
20/12/2004 11.45 20.06 20.32 25.89 0.6471 
21/12/2004 10.75 22.56 20.06 27.17 0.6019 
22/12/2004 15.7 25.22 22.35 28.39 0.6345 
23/12/2004 14.06 38.84 22.64 32.86 0.4126 
24/12/2004 14.57 32.97 23.62 30.33 0.3648 
25/12/2004 11.45 20.53 20.68 26.03 0.5892 
26/12/2004 12.82 24.78 21.36 27.22 0.4900 
27/12/2004 9.61 17.19 18.41 23.65 0.6911 
28/12/2004 9.02 16.88 16.14 20.07 0.5009 
29/12/2004 12.94 21.09 18.09 24.61 0.7991 
30/12/2004 10.26 27.72 19.39 27.85 0.4849 
31/12/2004 15.01 35.9 22.45 31.64 0.4397 
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Table B-5: Attenuation Factor (0.5220) for January 2005 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/01/2005 15.45 21.64 23.11 28.75 0.9100 
02/01/2005 11.54 20.23 20.35 25.79 0.6260 
03/01/2005 10.25 26.6 20.30 26.83 0.3999 
04/01/2005 16.92 24.97 22.95 26.10 0.3917 
05/01/2005 15.38 22.45 22.17 25.21 0.4300 
06/01/2005 11.66 20.22 20.33 23.41 0.3598 
07/01/2005 10.17 18.81 18.42 22.05 0.4208 
08/01/2005 14.19 21.69 19.24 25.54 0.8392 
09/01/2005 12.74 26.76 20.60 27.96 0.5256 
10/01/2005 13.79 31.13 22.24 31.23 0.5185 
11/01/2005 20.41 38.74 25.19 33.77 0.4682 
12/01/2005 18.09 28.89 27.30 31.61 0.3993 
13/01/2005 14.38 36.34 24.50 33.79 0.4229 
14/01/2005 15.92 30.51 26.16 31.39 0.3583 
15/01/2005 16.67 26.61 24.20 27.65 0.3465 
16/01/2005 14.86 21.86 22.70 26.60 0.5578 
17/01/2005 12.43 22.44 21.14 27.04 0.5893 
18/01/2005 16.19 24.78 22.39 28.26 0.6839 
19/01/2005 14.75 36.52 22.84 31.84 0.4136 
20/01/2005 17.08 24.59 24.93 28.58 0.4858 
21/01/2005 15.48 22.82 22.74 27.44 0.6407 
22/01/2005 12.24 23.35 22.16 28.51 0.5709 
23/01/2005 12.09 25.54 22.09 29.12 0.5229 
24/01/2005 17.85 25.95 23.95 30.06 0.7549 
25/01/2005 18.61 38.74 25.25 35.58 0.5130 
26/01/2005 21.31 36.35 29.37 35.58 0.4125 
27/01/2005 20.39 28.2 28.40 32.78 0.5608 
28/01/2005 21.1 36.44 27.43 33.42 0.3901 
29/01/2005 17.22 21.27 24.07 29.33 1.2981 
30/01/2005 14.48 24.13 22.14 28.54 0.6629 
31/01/2005 13.19 32.93 22.45 31.99 0.4833 
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Table B-6: Attenuation Factor (0.5872) for February 2005 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/02/2005 13.38 37.02 25.38 32.34 0.2946 
02/02/2005 10.83 13.68 19.08 24.74 1.9875 
03/02/2005 12.01 18.46 17.87 22.81 0.7672 
04/02/2005 12.72 21.43 19.88 24.58 0.5399 
05/02/2005 12.62 22.97 20.16 24.79 0.4475 
06/02/2005 12.28 23.86 20.31 27.49 0.6199 
07/02/2005 13.66 34.92 22.14 31.00 0.4169 
08/02/2005 14 21.08 23.02 27.66 0.6546 
09/02/2005 14.35 21.74 21.89 26.02 0.5583 
10/02/2005 12.79 19.42 21.55 24.70 0.4764 
11/02/2005 13.97 21.83 20.58 26.40 0.7397 
12/02/2005 14.75 19.96 21.74 25.59 0.7381 
13/02/2005 13.14 21.68 21.04 27.94 0.8083 
14/02/2005 11.85 33.86 21.57 32.12 0.4795 
15/02/2005 14.73 25.18 23.36 29.47 0.5855 
16/02/2005 10.53 20.54 20.54 24.27 0.3719 
17/02/2005 13.38 21.85 20.53 27.82 0.8605 
18/02/2005 13.7 30.29 22.13 29.11 0.4208 
19/02/2005 16.59 20.86 23.63 26.96 0.7792 
20/02/2005 16.75 21.92 22.39 25.83 0.6662 
21/02/2005 16.44 26.67 22.80 29.92 0.6954 
22/02/2005 16.88 27.35 24.49 30.29 0.5544 
23/02/2005 19.56 34.45 25.25 32.38 0.4793 
24/02/2005 19.38 33.29 27.17 31.63 0.3210 
25/02/2005 14.62 20.42 22.65 26.62 0.6840 
26/02/2005 14.44 21.05 20.89 25.30 0.6674 
27/02/2005 14.04 22.8 20.95 27.15 0.7073 
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Table B-7: Attenuation Factor (0.5725) for March 2005 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/03/2005 18.52 38.28 26.45 34.22 0.3930 
02/03/2005 14.62 19.49 22.44 27.30 0.9971 
03/03/2005 13.36 21.6 20.86 27.47 0.8025 
04/03/2005 15.66 22.75 21.82 26.13 0.6085 
05/03/2005 10.1 17.91 18.75 23.52 0.6117 
06/03/2005 8.79 19.06 16.98 21.38 0.4282 
07/03/2005 10.8 21.09 18.17 23.19 0.4877 
08/03/2005 12.25 20.7 19.37 24.65 0.6255 
09/03/2005 13.75 21.17 19.82 24.44 0.6230 
10/03/2005 13.35 21.12 19.70 25.01 0.6839 
11/03/2005 10.65 30.37 19.54 29.05 0.4821 
12/03/2005 15.65 34.23 22.12 30.57 0.4545 
13/03/2005 18.6 37.57 24.05 32.31 0.4354 
14/03/2005 16.78 27.04 24.93 30.47 0.5400 
15/03/2005 15.29 23.11 23.01 26.44 0.4379 
16/03/2005 13.82 17.74 20.07 22.68 0.6658 
17/03/2005 14.35 20.33 19.04 23.80 0.7948 
18/03/2005 9.1 23.74 18.39 26.72 0.5690 
19/03/2005 11.76 28.03 19.97 28.26 0.5094 
20/03/2005 14.2 30.19 21.38 29.26 0.4928 
21/03/2005 15.52 23.08 22.86 27.45 0.6079 
22/03/2005 14.29 21.71 20.85 25.45 0.6196 
23/03/2005 16.14 22.1 21.52 26.09 0.7673 
24/03/2005 12.26 20.17 20.58 23.88 0.4176 
25/03/2005 11.21 16.16 18.31 21.16 0.5749 
26/03/2005 5.75 21.25 15.49 23.77 0.5344 
27/03/2005 7.9 25.67 17.12 25.15 0.4519 
28/03/2005 11.39 19.29 20.38 24.15 0.4774 
29/03/2005 9.58 24.02 18.02 24.64 0.4582 
30/03/2005 13.8 28.43 20.60 29.10 0.5810 
31/03/2005 15.01 29.12 21.15 29.81 0.6140 
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Table B-8: Attenuation Factor (0.5373) for April 2005 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/04/2005 20.48 32.43 23.95 31.63 0.6422 
02/04/2005 21.15 33.06 24.69 32.04 0.6170 
03/04/2005 13.74 27.72 22.62 28.42 0.4154 
04/04/2005 13.45 19.01 20.25 23.95 0.6652 
05/04/2005 7.19 26.66 18.01 26.65 0.4441 
06/04/2005 11.2 21.74 19.56 25.94 0.6053 
07/04/2005 12.28 21.61 20.64 25.57 0.5286 
08/04/2005 14.64 30.12 21.15 29.62 0.5472 
09/04/2005 23.23 33.88 24.68 32.94 0.7757 
10/04/2005 18.75 34.81 26.78 32.84 0.3778 
11/04/2005 14.03 20.78 23.51 27.44 0.5826 
12/04/2005 11.06 21 21.14 26.60 0.5494 
13/04/2005 10.06 29.9 19.70 28.50 0.4433 
14/04/2005 13.59 22.42 19.35 24.96 0.6350 
15/04/2005 9.71 20.53 17.88 22.52 0.4288 
16/04/2005 12.9 20.49 19.37 23.95 0.6036 
17/04/2005 11.61 26.51 18.12 26.25 0.5453 
18/04/2005 13.2 20.66 20.61 24.10 0.4671 
19/04/2005 11.41 18.12 19.38 22.48 0.4622 
20/04/2005 9.92 19.2 17.69 23.62 0.6387 
21/04/2005 7.82 25.98 17.46 27.10 0.5312 
22/04/2005 11.44 26.58 20.13 27.78 0.5054 
23/04/2005 11.82 24.71 20.17 26.47 0.4893 
24/04/2005 13.37 26.05 20.60 24.75 0.3280 
25/04/2005 15.17 21.25 22.10 25.27 0.5219 
26/04/2005 11.6 19.76 20.07 25.38 0.6504 
27/04/2005 9.27 24.26 18.51 25.96 0.4971 
28/04/2005 16.92 29.51 20.25 27.16 0.5487 
29/04/2005 10.96 18.7 19.62 24.87 0.6787 
30/04/2005 9.16 19.23 17.02 20.99 0.3949 
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Table B-9: Attenuation Factor (0.5024) for May 2005 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/05/2005 8.43 17.86 18.70 22.30 0.3815 
02/05/2005 5.65 22.56 15.35 23.29 0.4694 
03/05/2005 12.53 24.34 17.47 23.60 0.5191 
04/05/2005 17.75 24.22 20.28 25.09 0.7425 
05/05/2005 13.85 20.92 19.98 21.89 0.2702 
06/05/2005 11.64 16.21 18.02 21.01 0.6536 
07/05/2005 10.1 16.93 17.95 21.22 0.4786 
08/05/2005 6.4 17.66 15.55 22.03 0.5755 
09/05/2005 4.07 18.23 14.65 21.77 0.5031 
10/05/2005 6.13 19.03 14.74 21.27 0.5055 
11/05/2005 9.36 19.82 16.69 20.95 0.4071 
12/05/2005 11.55 17.43 17.77 21.51 0.6361 
13/05/2005 8.82 19.27 17.52 22.61 0.4875 
14/05/2005 6.99 22.93 15.22 23.18 0.4993 
15/05/2005 8.78 18.57 16.78 20.77 0.4071 
 
Table B-10: Attenuation Factor (0.5825) for July 2005 
  Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
26/07/2005 10.45 16.5 15.46 18.31 0.4718 
27/07/2005 10.38 18.1 14.52 19.31 0.6203 
28/07/2005 11.58 19.6 14.99 20.47 0.6833 
29/07/2005 11.46 18.02 15.51 20.10 0.7001 
30/07/2005 7.46 15.74 13.75 17.09 0.4036 
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Table B-11: Attenuation Factor (0.5760) for August 2005 
  Outside Temp (Deg C)  Indoor Temp (Deg C)  Attenuation Factor 
Day Min Max Min Max  
01/08/2005 6.25 16.75 13.34 18.52 0.4939 
02/08/2005 9.86 19.28 13.61 20.72 0.7549 
03/08/2005 11.6 21.69 14.65 21.51 0.6803 
04/08/2005 6.87 11.89 13.36 17.72 0.8680 
05/08/2005 3.95 15.19 10.93 17.09 0.5483 
06/08/2005 7.15 17 12.29 18.68 0.6486 
07/08/2005 9.28 15.69 13.15 15.87 0.4250 
08/08/2005 7.6 16.1 12.37 17.07 0.5526 
09/08/2005 8.27 15.72 13.66 16.48 0.3785 
10/08/2005 4.03 9.19 11.17 14.22 0.5914 
11/08/2005 3.78 11.78 9.57 14.14 0.5705 
12/08/2005 3.53 12.78 9.96 15.30 0.5775 
13/08/2005 10.47 17.79 13.64 18.75 0.6975 
14/08/2005 10.12 13.83 13.29 15.38 0.5626 
15/08/2005 8.64 13.67 12.94 15.91 0.5916 
16/08/2005 5.79 19.45 11.28 19.79 0.6232 
17/08/2005 6.99 17.77 12.93 19.97 0.6528 
18/08/2005 13.58 17.72 15.08 17.29 0.5338 
19/08/2005 12.23 17.29 16.17 17.53 0.2688 
20/08/2005 10.63 16.12 14.94 17.96 0.5509 
21/08/2005 10.96 16.48 14.71 17.58 0.5210 
22/08/2005 6.38 12.79 12.63 16.16 0.5496 
23/08/2005 8.12 13.51 12.52 16.27 0.6963 
24/08/2005 5.89 13.34 13.27 15.56 0.3076 
25/08/2005 6.11 18.91 12.56 19.50 0.5427 
26/08/2005 6.03 15.27 14.26 18.80 0.4921 
27/08/2005 2.81 20.97 11.24 20.98 0.5362 
28/08/2005 13.31 21.5 15.46 22.53 0.8627 
29/08/2005 14.22 22.14 17.08 23.41 0.7987 
30/08/2005 14.83 18.7 17.75 21.67 1.0129 
31/08/2005 6.06 17.23 14.34 18.84 0.4022 
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Table B-12: Attenuation Factor (0.5710) for September 2005 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
01/09/2005 3.92 17.76 11.48 18.49 0.5065 
02/09/2005 5.24 15.91 12.90 18.92 0.5638 
03/09/2005 8.63 18.81 13.78 18.90 0.5025 
04/09/2005 5.68 17.55 12.92 20.43 0.6328 
05/09/2005 5.47 17.93 13.35 20.31 0.5588 
06/09/2005 4.84 21.24 13.00 22.05 0.5516 
07/09/2005 12.69 21.4 15.24 21.91 0.7655 
08/09/2005 16.61 23.78 17.80 23.69 0.8217 
09/09/2005 17.92 24.54 19.90 24.86 0.7490 
10/09/2005 10.42 20.6 18.01 22.52 0.4436 
11/09/2005 7.42 14.17 14.74 18.04 0.4887 
12/09/2005 7.57 13.1 12.97 16.22 0.5872 
13/09/2005 6.39 15.66 12.40 17.37 0.5368 
14/09/2005 7.77 20.28 13.40 18.71 0.4245 
15/09/2005 7.07 16.17 13.76 17.78 0.4418 
16/09/2005 5.61 17.08 12.34 17.86 0.4808 
17/09/2005 7.21 13.31 12.18 16.02 0.6300 
18/09/2005 6.64 18.49 12.17 20.33 0.6884 
19/09/2005 11.52 19.29 14.98 19.99 0.6448 
20/09/2005 8.85 16.92 14.90 18.73 0.4741 
21/09/2005 6.91 22.26 13.99 22.19 0.5337 
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Table B-13: Attenuation Factor (0.5346) for October 2005 
 Outside Temp (Deg C) Indoor Temp (Deg C) Attenuation Factor 
Day Min Max Min Max  
05/10/2005 12.78 19.4 17.98 19.98 0.3008 
06/10/2005 9.95 17.56 15.75 20.14 0.5771 
07/10/2005 8.73 15.96 15.35 18.43 0.4258 
08/10/2005 9.32 17.16 15.03 18.38 0.4284 
09/10/2005 10.07 17.9 14.50 19.88 0.6873 
10/10/2005 8.87 21.38 15.32 23.08 0.6201 
11/10/2005 8.98 17.78 17.09 20.89 0.4310 
12/10/2005 6.47 20.73 14.74 22.19 0.5225 
13/10/2005 10.71 25.53 15.99 23.86 0.5309 
14/10/2005 6.91 17.09 16.13 21.09 0.4875 
15/10/2005 6.02 21.42 14.58 22.84 0.5365 
16/10/2005 6.65 21.5 15.59 23.65 0.5430 
17/10/2005 10.26 21.71 17.89 24.30 0.5598 
18/10/2005 11.33 24.44 18.49 24.99 0.4960 
19/10/2005 14.32 23.87 19.36 24.13 0.4989 
20/10/2005 15.68 23.13 20.55 24.16 0.4849 
21/10/2005 15.34 22 20.11 22.40 0.3432 
22/10/2005 15.06 22.42 19.27 23.47 0.5707 
23/10/2005 12.88 26.22 18.51 24.98 0.4852 
24/10/2005 14.74 22.66 20.38 25.32 0.6234 
25/10/2005 14.13 22.56 19.50 24.59 0.6036 
26/10/2005 15.1 22.36 19.03 23.27 0.5840 
27/10/2005 11.58 21.39 17.39 22.78 0.5491 
28/10/2005 8.96 25.04 17.49 24.64 0.4450 
29/10/2005 15.7 25.29 21.02 24.86 0.4003 
30/10/2005 15.2 19.48 20.24 24.19 0.9242 
31/10/2005 15.27 25.1 19.71 27.31 0.7737 
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APPENDIX C 
 
Table C-1: Time lag (hr:min) in September 2004 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
16/09/2004 02:40 08:10 05:30 17:10 17:40 00:30 
17/09/2004 06:10 07:00 00:50 14:00 17:50 03:50 
18/09/2004 07:00 07:40 00:40 14:20 16:00 01:40 
19/09/2004 04:30 07:30 03:00 14:20 17:50 03:30 
20/09/2004 00:10 08:10 08:00 13:50 17:30 03:40 
21/09/2004 03:40 07:00 03:20 14:30 17:50 03:20 
22/09/2004 09:00 10:20 01:20 14:50 17:20 02:30 
23/09/2004 07:00 07:20 00:20 15:00 14:00 - 
24/09/2004 04:10 08:10 04:00 16:00 17:50 01:50 
25/09/2004 03:50 07:30 03:40 14:00 17:20 03:20 
26/09/2004 00:30 07:10 06:40 16:10 18:10 02:00 
27/09/2004 06:40 09:40 03:00 14:10 14:30 00:20 
28/09/2004 02:20 08:00 05:40 14:10 15:30 01:20 
29/09/2004 05:30 08:00 02:30 13:40 18:10 04:30 
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Table C-2: Time lag (Hr:min) in October 2004 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/10/2004 02:10 07:40 05:30 15:10 18:00 02:50 
02/10/2004 05:40 07:40 02:00 11:20 18:20 07:00 
03/10/2004 00:10 07:40 07:30 16:40 17:30 00:50 
04/10/2004 04:00 08:10 04:10 15:10 17:40 02:30 
05/10/2004 05:10 07:50 02:40 15:00 18:10 03:10 
06/10/2004 06:10 07:00 00:50 14:30 18:30 04:00 
07/10/2004 02:20 07:00 04:40 14:30 16:30 02:00 
08/10/2004 06:30 07:00 00:30 14:20 16:40 02:20 
09/10/2004 00:40 07:10 06:30 13:40 18:10 04:30 
10/10/2004 06:00 06:40 00:40 16:10 17:40 01:30 
11/10/2004 01:30 06:40 05:10 17:20 18:40 01:20 
12/10/2004 05:00 06:30 01:30 14:30 18:20 03:50 
13/10/2004 12:20 12:30 00:10 13:50 15:00 01:10 
14/10/2004 06:10 06:50 00:40 14:50 15:10 00:20 
15/10/2004 05:30 06:50 01:20 13:00 17:00 04:00 
16/10/2004 06:00 06:40 00:40 15:10 17:00 01:50 
17/10/2004 05:30 07:20 01:50 13:10 18:20 05:10 
18/10/2004 04:10 06:30 02:20 14:10 18:10 04:00 
19/10/2004 05:30 06:40 01:10 15:00 18:10 03:10 
20/10/2004 04:10 06:30 02:20 14:40 17:50 03:10 
21/10/2004 03:10 06:20 03:10 13:20 17:40 04:20 
22/10/2004 01:20 06:40 05:20 14:30 18:10 03:40 
23/10/2004 01:50 07:30 05:40 14:20 15:10 00:50 
24/10/2004 06:20 07:00 00:40 14:40 18:30 03:50 
25/10/2004 00:40 06:20 05:40 11:30 16:30 05:00 
26/10/2004 05:50 07:00 01:10 17:40 20:10 02:30 
27/10/2004 10:00 12:50 02:50 16:00 17:00 01:00 
28/10/2004 03:10 06:50 03:40 16:00 17:40 01:40 
29/10/2004 06:20 07:20 01:00 14:30 17:10 02:40 
30/10/2004 06:00 06:30 00:30 15:50 18:20 02:30 
31/10/2004 03:10 06:30 03:20 14:40 18:00 03:20 
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Table C-3: Time lag (Hr:min) in November 2004 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/11/2004 06:00 08:40 02:40 15:30 18:40 03:10 
02/11/2004 05:20 06:10 00:50 11:20 12:00 00:40 
03/11/2004 04:40 06:20 01:40 13:20 16:10 02:50 
04/11/2004 05:10 06:40 01:30 13:40 16:10 02:30 
05/11/2004 01:30 07:30 06:00 15:10 17:10 02:00 
06/11/2004 06:30 07:40 01:10 10:40 13:00 02:20 
07/11/2004 04:20 07:00 02:40 11:00 14:40 03:40 
08/11/2004 05:50 06:20 00:30 13:00 16:50 03:50 
09/11/2004 03:30 06:30 03:00 12:50 18:30 05:40 
10/11/2004 06:10 06:40 00:30 15:50 17:10 01:20 
11/11/2004 08:00 09:30 01:30 11:10 15:40 04:30 
12/11/2004 05:20 06:20 01:00 15:50 17:40 01:50 
13/11/2004 05:30 06:00 00:30 15:00 17:10 02:10 
14/11/2004 00:00 06:30 06:30 13:10 17:00 03:50 
15/11/2004 03:00 06:40 03:40 12:50 17:40 04:50 
16/11/2004 05:30 06:20 00:50 15:30 18:50 03:20 
17/11/2004 03:30 05:40 02:10 16:20 18:40 02:20 
18/11/2004 02:50 06:00 03:10 13:30 15:10 01:40 
19/11/2004 05:30 06:30 01:00 16:00 17:20 01:20 
20/11/2004 05:00 06:20 01:20 13:20 18:30 05:10 
21/11/2004 05:40 06:20 00:40 11:50 17:30 05:40 
22/11/2004 03:10 07:10 04:00 12:00 17:10 05:10 
23/11/2004 05:10 07:40 02:30 12:40 18:40 06:00 
24/11/2004 04:40 07:50 03:10 15:10 18:30 03:20 
25/11/2004 01:30 06:50 05:20 15:10 18:40 03:30 
26/11/2004 05:10 06:00 00:50 15:20 19:10 03:50 
27/11/2004 01:30 06:10 04:40 15:40 16:50 01:10 
28/11/2004 05:40 06:20 00:40 14:10 18:40 04:30 
29/11/2004 05:10 06:10 01:00 14:50 16:40 01:50 
30/11/2004 04:30 06:50 02:20 10:20 13:00 02:40 
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Table C-4: Time lag (Hr:min) in December 2004 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/12/2004 05:40 09:30 03:50 16:10 17:30 01:20 
02/12/2004 04:40 06:10 01:30 13:50 18:50 05:00 
03/12/2004 05:10 06:30 01:20 15:00 18:20 03:20 
04/12/2004 05:30 07:30 02:00 13:10 17:10 04:00 
05/12/2004 05:20 06:10 00:50 13:30 18:10 04:40 
06/12/2004 04:10 06:50 02:40 14:20 17:00 02:40 
07/12/2004 00:10 08:20 08:10 14:50 16:10 01:20 
08/12/2004 06:20 08:00 01:40 10:10 11:20 01:10 
09/12/2004 05:20 06:10 00:50 12:40 13:50 01:10 
10/12/2004 05:30 06:10 00:40 15:20 17:40 02:20 
11/12/2004 05:40 07:20 01:40 16:40 17:30 00:50 
12/12/2004 05:20 06:20 01:00 10:40 14:00 03:20 
13/12/2004 03:50 08:00 04:10 17:00 17:50 00:50 
14/12/2004 02:30 06:00 03:30 14:00 19:20 05:20 
15/12/2004 00:30 06:30 06:00 16:10 19:20 03:10 
16/12/2004 05:00 06:00 01:00 12:40 18:00 05:20 
17/12/2004 05:30 07:00 01:30 15:30 19:20 03:50 
18/12/2004 05:20 06:20 01:00 15:40 19:20 03:40 
19/12/2004 07:30 08:50 01:20 13:40 16:30 02:50 
20/12/2004 05:00 06:20 01:20 13:50 18:30 04:40 
21/12/2004 05:50 06:20 00:30 12:50 18:30 05:40 
22/12/2004 06:50 08:50 02:00 14:00 18:50 04:50 
23/12/2004 05:20 06:20 01:00 15:00 19:10 04:10 
24/12/2004 08:20 09:30 01:10 14:40 19:00 04:20 
25/12/2004 05:30 06:10 00:40 13:20 18:30 05:10 
26/12/2004 05:40 07:20 01:40 14:00 18:10 04:10 
27/12/2004 04:10 06:20 02:10 09:00 09:20 00:20 
28/12/2004 05:10 07:10 02:00 13:50 17:40 03:50 
29/12/2004 06:20 07:40 01:20 15:10 19:30 04:20 
30/12/2004 05:10 06:00 00:50 14:20 18:40 04:20 
31/12/2004 05:10 06:20 01:10 15:10 19:10 04:00 
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Table C-5: Time lag (Hr:min) in January 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/01/2005 10:00 11:50 01:50 15:40 18:50 03:10 
02/01/2005 05:10 07:10 02:00 12:40 19:00 06:20 
03/01/2005 05:20 06:30 01:10 15:10 16:30 01:20 
04/01/2005 02:50 07:10 04:20 10:20 13:20 03:00 
05/01/2005 06:50 08:30 01:40 14:50 15:40 00:50 
06/01/2005 05:40 06:10 00:30 13:00 18:10 05:10 
07/01/2005 03:10 07:40 04:30 12:50 19:40 06:50 
08/01/2005 04:00 06:40 02:40 14:40 19:00 04:20 
09/01/2005 04:10 06:50 02:40 14:40 19:00 04:20 
10/01/2005 05:20 06:20 01:00 17:00 18:20 01:20 
11/01/2005 01:30 07:10 05:40 16:10 19:30 03:20 
12/01/2005 06:00 08:20 02:20 13:00 18:50 05:50 
13/01/2005 04:10 06:20 02:10 14:30 19:10 04:40 
14/01/2005 05:20 06:30 01:10 10:50 15:40 04:50 
15/01/2005 07:20 08:10 00:50 15:20 18:00 02:40 
16/01/2005 05:50 07:10 01:20 13:50 19:00 05:10 
17/01/2005 05:00 07:10 02:10 13:20 17:20 04:00 
18/01/2005 03:20 07:50 04:30 13:50 19:20 05:30 
19/01/2005 05:10 06:20 01:10 13:40 16:40 03:00 
20/01/2005 04:30 09:20 04:50 13:00 17:40 04:40 
21/01/2005 06:00 07:30 01:30 14:00 19:10 05:10 
22/01/2005 06:00 06:40 00:40 13:30 19:10 05:40 
23/01/2005 05:40 07:10 01:30 14:20 18:50 04:30 
24/01/2005 03:10 07:00 03:50 14:30 19:00 04:30 
25/01/2005 05:50 06:40 00:50 15:00 19:10 04:10 
26/01/2005 05:20 07:10 01:50 16:10 17:30 01:20 
27/01/2005 02:20 06:40 04:20 16:40 17:30 00:50 
28/01/2005 02:10 06:40 04:30 12:40 14:40 02:00 
29/01/2005 09:10 13:30 04:20 14:20 15:10 00:50 
30/01/2005 06:00 07:10 01:10 11:20 19:10 07:50 
31/01/2005 05:50 06:20 00:30 12:30 19:00 06:30 
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Table C-6: Time lag (Hr:min) in February 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/02/2005 05:50 07:00 01:10 13:10 14:40 01:30 
03/02/2005 04:40 06:10 01:30 14:50 15:30 00:40 
04/02/2005 06:00 08:10 02:10 15:20 18:10 02:50 
05/02/2005 03:40 06:40 03:00 13:20 17:00 03:40 
06/02/2005 05:10 06:30 01:20 15:40 19:00 03:20 
07/02/2005 03:00 06:20 03:20 16:10 17:00 00:50 
08/02/2005 10:50 13:10 02:20 18:10 18:20 00:10 
09/02/2005 05:20 07:00 01:40 14:30 18:20 03:50 
10/02/2005 06:10 06:50 00:40 13:00 17:00 04:00 
11/02/2005 06:40 08:00 01:20 15:50 17:10 01:20 
12/02/2005 04:20 07:40 03:20 14:30 18:50 04:20 
13/02/2005 02:00 07:20 05:20 15:10 19:00 03:50 
14/02/2005 05:00 06:50 01:50 16:50 18:50 02:00 
15/02/2005 09:00 12:00 03:00 13:40 16:00 02:20 
16/02/2005 03:20 07:30 04:10 12:00 16:50 04:50 
17/02/2005 05:30 08:20 02:50 16:00 18:50 02:50 
18/02/2005 04:30 07:30 03:00 16:10 18:00 01:50 
19/02/2005 08:50 09:40 00:50 16:10 18:30 02:20 
20/02/2005 05:10 09:00 03:50 16:00 17:00 01:00 
21/02/2005 01:30 06:40 05:10 10:40 18:30 07:50 
22/02/2005 01:30 08:40 07:10 14:50 18:20 03:30 
23/02/2005 05:10 08:10 03:00 13:10 17:20 04:10 
24/02/2005 05:20 07:40 02:20 11:30 12:10 00:40 
25/02/2005 07:30 09:30 02:00 15:50 16:50 01:00 
26/02/2005 00:20 07:40 07:20 15:10 18:50 03:40 
27/02/2005 05:10 07:50 02:40 14:10 18:50 04:40 
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Table C-7: Time lag (Hr:min) in March 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/03/2005 06:40 07:20 00:40 14:00 14:50 00:50 
02/03/2005 05:40 08:30 02:50 14:30 17:20 02:50 
03/03/2005 06:30 07:20 00:50 12:50 18:40 05:50 
04/03/2005 03:00 08:00 05:00 13:50 15:50 02:00 
05/03/2005 06:00 09:40 03:40 14:00 17:10 03:10 
06/03/2005 03:10 06:40 03:30 15:00 17:40 02:40 
07/03/2005 06:30 07:20 00:50 14:50 17:20 02:30 
08/03/2005 06:40 07:30 00:50 12:00 18:30 06:30 
09/03/2005 06:40 07:40 01:00 14:10 16:00 01:50 
10/03/2005 06:00 08:00 02:00 14:30 18:30 04:00 
11/03/2005 06:30 07:20 00:50 13:00 18:30 05:30 
12/03/2005 03:20 07:20 04:00 13:40 15:00 01:20 
13/03/2005 05:30 07:20 01:50 13:00 17:40 04:40 
14/03/2005 07:10 08:40 01:30 12:10 17:50 05:40 
15/03/2005 06:30 09:50 03:20 11:50 13:00 01:10 
16/03/2005 02:50 09:10 06:20 13:40 16:30 02:50 
17/03/2005 05:40 08:30 02:50 17:00 18:00 01:00 
18/03/2005 06:30 07:50 01:20 15:10 18:20 03:10 
19/03/2005 06:40 07:40 01:00 14:40 18:10 03:30 
20/03/2005 06:40 07:40 01:00 12:10 17:50 05:40 
21/03/2005 04:20 07:40 03:20 15:30 17:40 02:10 
22/03/2005 06:50 07:30 00:40 14:10 16:40 02:30 
23/03/2005 05:20 07:10 01:50 13:30 17:10 03:40 
24/03/2005 07:00 07:40 00:40 14:40 16:20 01:40 
25/03/2005 05:20 08:50 03:30 14:30 17:30 03:00 
26/03/2005 06:40 07:30 00:50 14:30 17:00 02:30 
27/03/2005 05:20 07:40 02:20 13:30 16:00 02:30 
28/03/2005 01:40 08:50 07:10 13:10 16:50 03:40 
29/03/2005 07:00 08:00 01:00 16:40 17:40 01:00 
30/03/2005 07:00 07:40 00:40 15:30 18:00 02:30 
31/03/2005 02:50 07:30 04:40 16:00 17:40 01:40 
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Table C-8: Time lag (Hr:min) in April 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/04/2005 06:50 07:50 01:00 16:00 18:10 02:10 
02/04/2005 05:30 07:40 02:10 15:10 16:40 01:30 
03/04/2005 09:10 10:20 01:10 11:50 12:30 00:40 
04/04/2005 03:40 08:30 04:50 14:20 18:00 03:40 
05/04/2005 07:00 07:40 00:40 15:00 17:50 02:50 
06/04/2005 06:40 07:40 01:00 12:00 15:50 03:50 
07/04/2005 02:30 08:10 05:40 15:50 16:50 01:00 
08/04/2005 03:20 07:30 04:10 15:30 17:30 02:00 
09/04/2005 06:00 07:40 01:40 15:00 17:50 02:50 
10/04/2005 07:00 07:50 00:50 13:30 13:50 00:20 
11/04/2005 07:40 08:40 01:00 13:30 17:40 04:10 
12/04/2005 07:10 07:50 00:40 15:40 17:00 01:20 
13/04/2005 06:50 07:40 00:50 15:10 16:50 01:40 
15/04/2005 05:00 08:30 03:30 15:40 17:10 01:30 
16/04/2005 02:30 07:40 05:10 16:00 17:30 01:30 
17/04/2005 03:40 07:40 04:00 14:40 16:20 01:40 
18/04/2005 07:10 07:40 00:30 15:10 16:40 01:30 
19/04/2005 07:10 08:10 01:00 16:30 17:20 00:50 
20/04/2005 07:10 07:50 00:40 13:40 17:30 03:50 
21/04/2005 07:10 07:50 00:40 15:40 17:30 01:50 
22/04/2005 07:20 08:00 00:40 13:50 17:20 03:30 
23/04/2005 06:50 08:40 01:50 16:10 17:30 01:20 
24/04/2005 04:00 07:40 03:40 16:20 18:10 01:50 
25/04/2005 04:00 08:00 04:00 12:40 16:50 04:10 
26/04/2005 07:20 08:00 00:40 15:10 17:20 02:10 
27/04/2005 07:30 08:00 00:30 15:50 17:10 01:20 
28/04/2005 06:20 07:40 01:20 13:30 14:50 01:20 
29/04/2005 07:50 10:20 02:30 13:00 14:50 01:50 
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Table C-9: Time lag (Hr:min) in May 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/05/2005 07:50 08:40 00:50 14:00 15:20 01:20 
02/05/2005 07:10 07:50 00:40 14:20 16:00 01:40 
03/05/2005 01:40 07:50 06:10 16:00 16:30 00:30 
04/05/2005 07:30 08:50 01:20 13:20 15:50 02:30 
05/05/2005 07:10 07:50 00:40 10:50 15:20 04:30 
06/05/2005 05:50 08:30 02:40 12:50 17:10 04:20 
07/05/2005 07:10 08:40 01:30 13:20 16:30 03:10 
08/05/2005 07:20 08:00 00:40 12:00 16:40 04:40 
09/05/2005 07:30 08:00 00:30 14:50 17:00 02:10 
10/05/2005 05:40 08:10 02:30 14:20 17:10 02:50 
11/05/2005 02:50 07:20 04:30 13:10 15:30 02:20 
12/05/2005 06:50 08:20 01:30 14:50 15:30 00:40 
13/05/2005 06:20 09:00 02:40 13:10 16:40 03:30 
14/05/2005 07:30 08:10 00:40 11:00 16:40 05:40 
15/05/2005 05:30 08:20 02:50 12:20 13:40 01:20 
 
Table C-10: Time lag (Hr:min) in July 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
26/07/2005 07:40 08:30 00:50 12:00 14:20 02:20 
27/07/2005 01:20 08:20 07:00 13:00 16:40 03:40 
28/07/2005 02:50 06:30 03:40 15:30 16:50 01:20 
29/07/2005 07:50 08:20 00:30 14:20 16:00 01:40 
30/07/2005 06:40 08:20 01:40 10:50 11:40 00:50 





APPENDIX C  TIME LAG  
C-10  SYED RAHMAN 
Table C-11: Time lag (Hr:min) in August 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/08/2005 06:50 09:00 02:10 12:10 16:40 04:30 
02/08/2005 01:00 08:10 07:10 14:30 16:50 02:20 
03/08/2005 06:30 08:40 02:10 13:10 16:00 02:50 
04/08/2005 10:10 11:00 00:50 13:30 16:50 03:20 
05/08/2005 07:40 08:10 00:30 15:30 16:00 00:30 
06/08/2005 07:40 08:10 00:30 15:10 17:20 02:10 
07/08/2005 00:50 07:40 06:50 14:50 17:10 02:20 
08/08/2005 02:30 08:00 05:30 12:30 16:10 03:40 
09/08/2005 03:40 08:30 04:50 13:40 16:00 02:20 
10/08/2005 07:30 08:10 00:40 14:30 15:00 00:30 
11/08/2005 05:30 08:00 02:30 13:10 17:30 04:20 
12/08/2005 06:40 08:10 01:30 14:50 17:10 02:20 
13/08/2005 03:10 08:50 05:40 11:30 15:30 04:00 
14/08/2005 07:40 08:30 00:50 12:40 15:10 02:30 
15/08/2005 06:10 07:30 01:20 13:40 17:10 03:30 
16/08/2005 06:20 08:00 01:40 14:10 17:00 02:50 
17/08/2005 07:00 07:50 00:50 15:00 17:00 02:00 
18/08/2005 08:30 09:20 00:50 16:50 18:30 01:40 
19/08/2005 06:10 09:00 02:50 11:40 15:40 04:00 
20/08/2005 07:40 08:50 01:10 14:30 15:00 00:30 
21/08/2005 04:20 08:20 04:00 12:10 13:10 01:00 
22/08/2005 06:00 08:20 02:20 13:30 13:50 00:20 
23/08/2005 03:10 08:20 05:10 15:40 17:40 02:00 
24/08/2005 07:10 09:20 02:10 13:30 17:30 04:00 
25/08/2005 00:00 05:30 05:30 15:20 17:30 02:10 
26/08/2005 08:30 09:10 00:40 16:00 17:20 01:20 
27/08/2005 07:00 07:40 00:40 14:50 17:20 02:30 
28/08/2005 07:40 07:50 00:10 15:10 16:20 01:10 
29/08/2005 07:40 08:00 00:20 14:50 17:40 02:50 
30/08/2005 07:30 09:20 01:50 11:20 15:10 03:50 
31/08/2005 07:00 07:40 00:40 14:00 14:50 00:50 
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Table C-12: Time lag (Hr:min) in September 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/09/2005 07:00 07:40 00:40 12:50 14:20 01:30 
02/09/2005 07:00 08:00 01:00 11:10 16:50 05:40 
03/09/2005 03:30 08:10 04:40 10:50 13:00 02:10 
04/09/2005 07:00 07:40 00:40 13:00 17:30 04:30 
05/09/2005 06:20 07:40 01:20 12:20 17:30 05:10 
06/09/2005 06:30 07:30 01:00 13:30 17:50 04:20 
07/09/2005 05:50 07:20 01:30 14:50 17:50 03:00 
08/09/2005 02:50 07:30 04:40 14:30 16:40 02:10 
09/09/2005 04:30 06:40 02:10 15:10 17:30 02:20 
10/09/2005 08:50 10:30 01:40 16:40 17:00 00:20 
11/09/2005 07:20 07:40 00:20 13:00 14:40 01:40 
12/09/2005 06:50 07:20 00:30 15:20 16:50 01:30 
13/09/2005 05:50 07:30 01:40 12:30 16:00 03:30 
14/09/2005 01:50 07:30 05:40 14:00 15:40 01:40 
15/09/2005 05:10 08:00 02:50 11:10 12:40 01:30 
16/09/2005 06:30 07:40 01:10 12:00 15:30 03:30 
17/09/2005 05:00 07:50 02:50 13:50 17:50 04:00 
18/09/2005 06:40 07:50 01:10 15:40 17:50 02:10 
19/09/2005 07:10 07:50 00:40 13:50 14:20 00:30 
20/09/2005 04:00 07:50 03:50 14:30 15:30 01:00 
21/09/2005 06:00 07:20 01:20 15:40 17:40 02:00 
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Table C-13: Time lag (Hr:min) in October 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
05/10/2005 02:30 06:50 04:20 11:50 14:40 02:50 
06/10/2005 04:40 07:20 02:40 14:10 17:00 02:50 
07/10/2005 04:10 06:50 02:40 13:40 15:10 01:30 
08/10/2005 06:50 07:50 01:00 13:00 15:40 02:40 
09/10/2005 05:40 06:50 01:10 15:20 17:00 01:40 
10/10/2005 06:10 07:40 01:30 15:30 17:50 02:20 
11/10/2005 06:10 07:20 01:10 15:10 17:50 02:40 
12/10/2005 06:00 06:30 00:30 12:50 17:10 04:20 
13/10/2005 01:20 06:50 05:30 14:00 17:00 03:00 
14/10/2005 05:50 06:50 01:00 13:50 16:40 02:50 
15/10/2005 05:00 06:20 01:20 12:00 18:10 06:10 
16/10/2005 06:00 06:50 00:50 15:10 18:30 03:20 
17/10/2005 00:10 07:20 07:10 12:10 18:10 06:00 
18/10/2005 01:30 07:50 06:20 14:00 17:20 03:20 
19/10/2005 02:30 06:30 04:00 12:40 16:30 03:50 
20/10/2005 00:50 07:10 06:20 12:10 15:10 03:00 
21/10/2005 06:10 07:40 01:30 13:40 17:10 03:30 
22/10/2005 03:40 08:20 04:40 14:50 16:00 01:10 
23/10/2005 05:50 06:20 00:30 14:00 18:20 04:20 
24/10/2005 05:40 06:40 01:00 15:20 16:50 01:30 
25/10/2005 05:00 07:50 02:50 13:00 13:30 00:30 
26/10/2005 00:30 06:40 06:10 10:10 11:20 01:10 
27/10/2005 05:50 06:30 00:40 13:40 18:00 04:20 
28/10/2005 05:40 06:50 01:10 13:10 16:20 03:10 
29/10/2005 05:40 07:20 01:40 11:20 16:40 05:20 
30/10/2005 04:40 08:00 03:20 14:00 17:30 03:30 
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Table C-14: Time lag (Hr:min) in November 2005 
 NADIR TIME LAG PEAK TIME LAG 
Day Outside time Inside time Time lag Outside time Inside time Time lag 
01/11/2005 06:20 08:10 01:50 15:20 18:20 03:00 
02/11/2005 03:50 07:00 03:10 15:40 17:40 02:00 
03/11/2005 07:50 09:00 01:10 15:50 16:30 00:40 
04/11/2005 05:40 06:30 00:50 11:40 15:10 03:30 
05/11/2005 05:30 06:30 01:00 13:50 18:10 04:20 
06/11/2005 04:50 06:20 01:30 15:40 17:40 02:00 
07/11/2005 06:00 09:00 03:00 10:30 12:50 02:20 
08/11/2005 07:20 08:50 01:30 16:30 17:10 00:40 
09/11/2005 05:00 07:20 02:20 13:40 14:10 00:30 
10/11/2005 05:30 07:50 02:20 11:20 11:50 00:30 
11/11/2005 05:00 05:50 00:50 12:40 13:20 00:40 
12/11/2005 05:50 06:30 00:40 12:10 15:50 03:40 
13/11/2005 05:30 06:30 01:00 12:10 19:30 07:20 
14/11/2005 05:20 06:20 01:00 15:10 16:40 01:30 
15/11/2005 03:40 08:50 05:10 15:30 20:50 05:20 
16/11/2005 03:30 09:00 05:30 14:30 18:20 03:50 
17/11/2005 05:20 06:10 00:50 16:00 19:00 03:00 
18/11/2005 01:20 06:20 05:00 16:40 18:20 01:40 
19/11/2005 05:50 08:10 02:20 12:40 16:00 03:20 
20/11/2005 04:40 07:10 02:30 12:50 18:10 05:20 
21/11/2005 05:20 06:10 00:50 14:10 19:00 04:50 
22/11/2005 04:30 06:50 02:20 12:50 18:00 05:10 
23/11/2005 05:10 06:10 01:00 15:50 18:10 02:20 
24/11/2005 03:00 06:00 03:00 14:20 18:20 04:00 
25/11/2005 05:00 08:20 03:20 16:30 18:20 01:50 
26/11/2005 06:50 09:00 02:10 11:00 15:40 04:40 
27/11/2005 05:00 06:00 01:00 14:20 17:30 03:10 
28/11/2005 05:30 06:20 00:50 15:00 19:00 04:00 
29/11/2005 04:20 07:20 03:00 16:40 18:40 02:00 
30/11/2005 05:00 06:00 01:00 15:40 19:20 03:40 
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INTEVIEW -1      DATE: 19 December 2005 
 
 
Summary of Conversation 
 
• Household size: at the time of interview, there were six residents which included 
two adult interviewees, their two teenage children and resident’s two elderly 
parents. 
• A Pool: The residents installed a pool of capacity 45-50 kilolitres in the backyard. 
This was a lifestyle choice they made and the alteration was contributed largely due 
to some hot summer days they experienced. They moved into the house first week 
of November 2005. 
• Venmar Ventilation: The system was not ‘on’ before they moved in. Bernard from 
Healthy House came in to show them how to operate. The residents were happy 
with the indoor air quality once the system was turned on. 
• CO2 build-up at upstairs: Monitoring data showed high CO2 build-up in the upper 
floor (as high as 3000ppm). It was decided the residents would keep Venmar 
system on for one week to see if there was any change. 
• Compost bin: The residents did not find the compost bin. “It was never here”, they 
said. They were thinking of buying one. 
• Appliances: The residents had four computers with LCD screen, two notebook 
computers, a large fridge, a chest freezer, a dishwasher AAA rated, a washing 
machine AAA rated. 
• Sisal carpets: The residents commented that the sisal carpet was too hard and 
uncomfortable. They were planning to relay new carpet in the future. 
• Rainwater tank: They commented that the rainwater tank was of insufficient 
capacity compared to the size of the house. It usually finished quickly. The 
residents pointed out that only one side of the roof runoff was being collected. So 
the whole potential had not been utilized. 
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INTEVIEW -1   continued  DATE: 19 December 2005 
 
• Solar PV panels: Residents noticed that during daytime, the electricity meter ran 
backwards which meant surplus electricity produced from PV panels was feeding 
the system. 
• Chutes in the kitchen: They felt that the chutes in the kitchen to separate organic 
waste from recyclables was a “fantastic idea”; however Brimbank Council had 
changed to larger bin, so they could not use the chutes. 
• Pets: They were keeping two large size dogs. 
• How they ended up here: The family emigrated from the UK and had not bought a 
property before arriving. They had done some research on the property market in 
Melbourne but had not realized how difficult it would be to find a newly built 
property quickly. They initially tried the rental market but were advised it would be 
difficult to find a property that would house six persons and allow dogs. They 
wanted to buy a newly built home and tried at Mornington and Caroline Springs 
before finding the Ecohome at Cairnlea.  
• Other issues: They had some unresolved issues with Metricon, the builder. The 


















APPENDIX D  INTERVIEW SUMMARY  
D-3   SYED RAHMAN 
 
 
INTEVIEW -2       DATE: 23 March 2006 
 
 
Summary of Conversation 
 
• Carpets: The residents repeated their dissatisfaction over carpet. They said it was 
very difficult to clean as well. 
• Venmar ventilation: The Venmar ventilation system was not working. Therefore 
the residents installed two air conditioners (evaporative cooling) in the rooftop. 
Some hot days motivated them to install the air conditioners. This was the second 
major modification they made to the original design intentions. 
• Unused space: The Ecohome is relatively a large house. There were some unused 
spaces in the house that was “a real waste of space”, according to one resident. The 
residents would not mind a smaller house. 
• Compost bin: The residents would have used a compost bin if available. They 
were growing some vegetables in the backyard. A compost bin would have been 
very useful. 
• Rainwater tank / grey water tank: “Toilet grey water tank too small- toilet tank 
and garden tank should have been fitted the other way around” said one of the 
residents. We indicated that due to council regulation, grey water should not be 
stored more than 24 hours. 
• Utility bills: The residents provided us with a copy of available utility bills 
including water, gas and electricity. Utility bills were required to monitor energy 
and water usage of the Ecohome. 
• Coordination: The residents commented that the co-ordination of different parties 
involved in the project was poor. In particular, they did not receive satisfactory 
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INTEVIEW -3       DATE: 06 July 2006 
 
 
Summary of Conversation 
 
• Hydronic heating: The residents reported a pipe blow-off from one of the radiators 
in master bed and water thus leaked made a permanent water mark around the 
radiator. They commented that the hydronic systems were not properly sized. 
• Bathroom exhaust not ducted: The residents were in the opinion that the 
bathroom exhaust system was not ducted outside. They were concerned about the 
damp air entering the roof space. They also commented that the exhaust was not 
adequately removing the moisture after a shower. 
• Rainwater system improved: The residents added the remaining area of the roof 
to the rainwater collection system. Previously about half of the roof runoff was 
being collected to the rainwater tank. 
• Solar hot water system: The two things the residents admired most were the solar 
hot water system and the rainwater tank. They commented that the grey water 
system was a good idea but not plumbed properly. 
• Residents’ high expectations: The residents thought that the Ecohome being a 
special home would have been better built. After living more than seven months, 
they downgraded their expectations. 
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Table D-1: Electricity Usage at Cairnlea Ecohome 2005-2007 
Billing period Billing days Usage (kWh) Cost ($$) kWh/day 
3 Nov 2005 - 17 Jan 2006 76 1155 $206.35 15.2 
18 Jan 2006 - 18 Apr 2006 91 2293 $389.45 25.2 
19 Apr 2006 - 17 Jul 2006 90 2214 $375.15 24.6 
18 Jul 2006 - 13 Oct 2006 88 1997.6 $335.60 22.7 
14 Oct 2006 - 16 Jan 2007 95 2451 $406.75 25.8 
17 Jan 2007 - 16 Apr 2007 90 2421 $413.80 26.9 




Table D-2: Gas Usage at Cairnlea Ecohome 2005-2007 
Billing period Billing days Usage (MJ) Cost ($$) MJ/day 
23 Nov 2005 - 6 Dec 2005 13 2,080 $21.21 160 
7 Dec 2005 - 8 Feb 2006 64 3,008 $47.82 47 
9 Feb 2006 - 10 Apr 2006 61 6,710 $77.19 110 
11 Apr 2006 - 13 Jun 2006 64 33,600 $307.19 525 
14 Jun 2006 - 10 Aug 2006 58 39,150 $429.51 675 
11 Aug 2006 - 9 Oct 2006 60 24,000 $252.77 400 
10 Oct 2006 - 7 Dec 2006 59 10,620 $111.42 180 
8 Dec 2006 - 9 Feb 2007 64 3,008 $52.86 47 
10 Feb 2007 - 16 Apr 2007 66 4,290 $67.42 60 
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Table D-3: Water Usage at Cairnlea Ecohome 2005-2007 
Billing period Billing days Usage (Litres) Cost ($$) Litre/day 
9 Nov 2005 - 30 Nov 2005 22 7,040 $9.25 320 
1 Dec 2005 - 7 Dec 2005 7 3,220 $3.80 460 
8 Dec 2005 - 21 Feb 2006 76 95,760 $245.07 1260 
22 Feb 2006 - 24 May 2006 92 60,720 $156.90 660 
25 May 2006 - 23 Aug 2006 91 53,690 $168.02 590 
24 Aug 2006 - 21 Nov 2006 90 83,700 $211.55 930 
22 Nov 2006 - 20 Feb 2007 91 62,790 $161.55 690 
21 Feb 2007 - 24 May 2007 93 34,410 $123.30 370 
Total 562 401,330 $1,079.44 714.795 
 
 
PV System for Sydney





























Annual Electricity Generation (kWh) Linear trendline
 
Figure D-1: Estimated electricity generation by a PV system in Sydney 
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Table E-1: Itemised cost from builder Metricon Homes (24/05/2004) 
Item Description Benefits Cost  
Windows A&L aluminium improved windows 
with painted timber reveals 
Timber reveals are made from 
plantation timber. Used in lieu of 
MDF, is a natural timber eliminates 




R1.3 insulation foil including taped 
joints. Joints were taped, windows 
and doors were sealed with 
polystyrene strips between the 
window and the frame 
Excludes drafts and heat transfer 
around windows and doors. 




Raven door seals- to external 
hinged doors and internal utility 
doors 
Excludes drafts and heat transfer 
under doors. Contributes to 5 star 
rating 
$365 
Insulation R3.5 Recycled polyester batts to 
ceiling; R2.0 Recycled polyester 
batts to external walls. Works in 
addition to foil in walls 
Product is recycled, so resource 
efficient. Polyester produces less 
fibre / dust than traditional 
fibreglass which allows cleaner 
environment in the home. Reduces 
allergic reaction to dust/fibres 
$3150 
Paintwork Low emission water based paints 
used throughout home. 3 coats 
required to achieve adequate 
coverage; 2 coats are in standard 
specification 
No oil based products used in the 
paint or clean up process. Less 





‘Aquamax’ solar hot water system 
with gas boosted storage feeder 
tank. OHS requirement for fall 
protection to install roof panels 
Energy efficient; solar energy 
warms stored water which is 
brought up to required temperature 




Origin Energy 450 grid connected 
solar system. Extra unit required in 
meter box. 
Uses solar power to generate 
electricity which consumer sells 




GJ Systems Gekko Allrounder 
biocycle grey water system. 
Connected only to baths and 
washing machine. Must have local 
council approval. Has not been 
Uses waste water  to flush toilets $4055 
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used to irrigate garden-only to 
flush toilets. Topped up from 
mains when below capacity. 
Rainwater 
tank 
Plastank 1000 litre tank. Diverts 
stormwater from spouting to 
storage tank. 
Uses water which would otherwise 





Hurlcon hydronic heating system 
in lieu of standard ducted heating. 
Requires additional noggings to 
support radiator panels on walls 
Quieter than air being fan forced 
around the home. Reduces dust 




Recyclit waste disposal chutes. 
Chutes built into external wall to 
pass rubbish straight through from 
kitchen to partitioned waste bins 
Makes recycling easy and 
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Figure E-1: The Ecohome at Cairnlea and Layout to scale (Scale shown in meters). 
Left: ground floor, right: upper floor. 
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Figure E-3: Photograph taken during Blower door tests. 
